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foreign substances m a orvstallizer or homogeneously from soluton. U8, Patent No.
5,314,506 entitled “Crvstallization method to improve crvstal structure and sizg™ and ULS.
Published Patent Application No. 2004/0001 546 Al entitled “Process and apparatuses for
preparing nanoparticle compositions with amphiphilic copolvimers and their use” describe
small partictes, even nanoparticles, produced by massive nucleation of many new particles of
the solute during precipitasion. In these processes, the character of the system is changed
using solvent composition, lemperature or reaction to create high supersaturation for the

solute which in turn leads to rapid nucleation and crvstallization. The birth of many particles
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{EHY It has been demonstrated that rotor-stator wet milling can be ased to generate
refatively large organic active particles with a practical Himit of > 20 um. On the other hand,
milling to >20 am requires extended nulhing time in the attrition regime where small
fragments lead 10 a bimodal particle size distuibution (American Pharmaceutical Review Vol
7. Issue 3, pp 120-123, “Rotor Stator Milling of APU's ... ). It has been found that

crystailizations using rotor-stator wet nulled products as seed result in large particles and,
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6011} In summary, there remains a need lor crystallization processes that can
produce organic actives and especially pharmaceutical products at a controlled size or surface
area sufficient to obviate dry milling 1o meet formulation demands. The pharmacentical
industry 1s consistently requiring smaller particles due (o their increased bioavailability
andfor dissolution rate. Likewise, it is also important to vield chenncal compounds with the
reqausite arystal form and a well-controfled crvstal purity. In the present invention, wel
milled nuero-seed with a mean particle size ranging from aboul 0.1 to about 20 am has been

shown o be surprisingly effective for the production of fine orgamc active solid particles,
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process, the shury of the micro-seed and the solotion of the product are rapidly micro-mixed
when they are combined.
{6015} One of three processing configurations may be used individually or in
combination i order to accomplish the second crystallization method. One configuration s a
baich processing: another is a semi-continuous processing; a third 1s a continuous processing
configuration.
[0016] Arecyele loop mav afso be used in conjunction with the second crystallization
process. In cne embodiment of the second crvstallization process, a recycle loop is utitized
as part of the baich processing configuration. In another embodiment of the second

crvstatlization process. a recyele loop is utilized as part of the senu-continuous processing
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{0620} Additionally, the present mvention further provides a pharmaceutical

composition including the crvstalline particles produced by the processes described herein

and a pharmaceutically acceptable carrier.

Brief Description of the Figures

{0021} Figure | demonstrates the typical components necessary for media milling in
recvele mode, including the blending vessel, fluid pump, media oull, and recvele hine back to
the vessel. Single pass milling does not recvcle and simply feeds the product into a collection

secerver through the mill 1n single pass mode, the pump can be replaced by a pressure
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agent antiv iral age ts anxioly t cs sedatives, astri
gents beta-adtenergie receptot bl ocking drugs,
w@onrnesss nedi a, corticosteroids, cough supp eBGHOBR07/063785
di agnostic agents, diagnostic inmagi ng agents,
dopam nergi cs haenos tatics inmunol ogi cal agents lipid
regul ati ng agents, nuscle rel axants,
par asynpat hom neti cs, parathyroid calcitonin,
prostaglandlns radi o pharmaceuticals, sex hornDnes
frangiy ifeogl 1@;1@ 0\Egigglﬁpgwkg)msmﬁaaﬁ@@x?};glyl@atxﬂ@rmrﬂ@tq @r@hh as the
‘“*@% oi,d agents, vasodilators and xanthi nes. [002G
eGP onal 1y t he present imention further provides a
jooRBar Mmceyl | ca Aezﬁam?aéu 0%l REbN di0g sézrl@egx Eér@?é\.h% 49,

particles produced the processes descr I'n an
In By aphp® Maceutisdahl Yaataeps aple: €an kdeafidsBh b&lions using a syninge
Description of the Figures [002! J Figure |
MLU amretn&?t r@gtesalivhe serucapir patbe sodponeht sehevegsen chiobe added
mlling. in ree\ cle node |nclud|pg t he g£end|nq
““@é%sel WgQﬁ dﬁ@ﬁﬁ”ﬁéﬂﬁapﬁ?@ﬂm‘ﬁW&‘bﬁe PV ETgRER frgcate up
of l}; ik nﬁ ag Al crgsl%qh%%é? pmﬁ\tw W9 Eq‘qi%éleq%t 1 lr G ﬂplﬁkand

0"a col'lection’ recelver
oy t;ihirl@&igah \E@@ A Iu!)mfwﬂxe&’s BOE 1 RASS l%ﬁgﬁa ﬁr&@m@&‘ ”p can be
repl aced by a pressuretransfer fromthe stil
KMWM|tIp|G\@kﬂgHepmaﬁﬁéﬁv&&ndﬁﬁSQﬂpﬁFShnﬁt3IWﬂ$mMAﬂuuLmd
pr oduct proflle as the recycle node. [0022] Figure 2
receiderions tramnes ed fe iswalitdizac] onrrieswpl egey dpvifsorihe enargy

| 1-7 th t] i
et AT gy B DR s HE 45 APCyPY ge e
syl AeRGE NG R BB ok B A B Y FpRRERT 4 e

are Qiﬂ&?bﬁﬂ@ e W@XB IR &Rhe Mihivh R WASo QrddnA@BRNABkEtT Alver
scal e up of the mcro-mlling and crystallization

W 15;311}@@@3}33 “Asnicyhelradnplad ni@pfatilved by Koo Chine
ystal |l ization vessel and conponents of the recycle
Eﬁﬁ%lop ar d1§res éﬁ%ﬁé‘cﬂmm‘bz%ﬂw @mrt@mn@iﬂsb#ﬂaggs dpyige used in

e PUASaT oV I<UBE P& TEHp oy ol o7 PR Gsp P dart B earra e

“ngHQghgﬂgnkaktﬁgqrgy devi ce. The energy devices are
noti onl ess where the fluid flow through the m xer

[ooR6jOVi designes gy dep@uitovienty stheposysie enthlizpi-esites, Beoping
aid turbulent fluid novenment. The double tee consisted

cergfalipge slnep of the micro-sead: generating a concentrate solution of the product to be

crystatlized: and combining the slurry with the concentrate (o ntitate crvstallization. Further

crvstallization can be alforded by a number of methods to creale supersataration, some of

which are listed.

0027} Figure 718 an example of a batch ervstallization method.
{0028] Fipure 815 an example of a semi-continuous crystallization method.
{0029} Figure 915 an example of a balch reactive crystallization method. Shown isa

reaction scenario where reagent A and B react to fornt the product to be crvstaltized.

{0030} Figuve 1015 8 nucrograph of the product of Example 1B,



arranged as pictured which pronotes the inpingenent o
f two streans and the static m xer was that of the
wheorass7hel i cal style " manufactured by | Cof Sop@DUR2007/063785
[ 00251 Figure 5 denonstrates the double tee
suppl enent al energy device used in Exanple 11. The
lines are made of ID steel pipe with sharp right angle
turns The streans inpinge at the outlet. (0026]
gure 6 is a general overview of a possible
tﬁﬁéﬂyst al [Higug | b 3ptlléf@é@§h of He PRdrqi ¢ Geneeamihigs arospagder
i | Eg % ratin lg goncentrate.splutlon
\‘"d?p‘f E{"‘é ‘&‘t‘“‘teéo’o YR TY28Y; and combining the
jhm i shets i
R e R R M e
ExAmilbod aitéra sehiaateosupeksatvhaliign, some of which are
listed. [00271 Figure 7 is an exanple of a batch
tﬁﬁd'ﬁ'}yst al [Higet | by amatiegaiph 002 BhdFt guthe niigo-anllex armpks fof
em. -conti nuous crystalllzatlon met hod. | 0029f
P‘\'ﬁt‘@hf‘% ager;6g ‘%H“‘é&%ﬁfﬁt‘é COPCIRBAth reactive
Eﬁﬁg eftealr leﬁé‘ég%k 18 nmaroBmPh Sﬂﬁ Pmd xlrgng eﬁgt l*gnddt (i%e\n '15 z,ﬂumn of
Exhyetpl | ized, [0030] Figure K) is a ntcrograph of the
product o f Exanple 1B.[0031 j Figure 11 is a
fooagicr ogr apdurof s ishenipioadiie bi the piolect Biuatk at ik bhkd A@nprbcass: of
for Exanple 3B after 0.5 mnutes of recycle
Exgr@de 6Bni | 1itig. [0032] Flgure 12 is a nicrograph of

e product the mcro roces
0038 2Pt ke bhisirae ot by pedih SRS B bty 068 gIon o
h\ﬁ%@yge 13 is a mcrograph of the product in the
ro-mlling process for Exanple 3B after 60 m nutes

[()GQ‘? | recy ki@ T a-iitloliapg of thOPR4hc: B Lehd dnd & @ stallization of

ntcrograph of the product slum at the end of
Exgnpistal [ i zati on of Exanple 3B. [003SJ Figure 15 is a

m crograph of the product slurry at the end of = .
[ﬁﬁéﬁyst al e i Hi adwctEgatﬁ}b p!e\hg’g_‘od[tt@@lgg}‘ apih@ gpcolpgysjallizgtion of
Ewni rggraph of the product slunm at the end of
et

11ization of
{0039} Figure 19 is a micrograph of the product slummy at the end of arvstallization of
Example 9A.
{0040} Figure 20 1s a micrograph of the product slurry al the end of ervstallization of

Example 9B

{0641} Figure 21 1 a micrograph of the product slurry at the end of crystallization of
Example 14

0042} Figure 22 1% a mucrograph of the product slurry al the end of ervstalhization of
Example {1,

{0043} Figure 23 15 a micrograph of the product slurry at the end of crystallization of
Example 12.

0044} Figure 24 1s a particle size distribution report for the product in the micro-

milling process for Example 3B afier 15 nunutes of recyele micro-milling,
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Exanple 5 . [0037 j Figure 17 is a mcrograph of the
product slurry- at the end of crystallization of
wez@Tpbae. [ 0038] Figure | S is a mcrograph PET/UR®07/063785
product slumat the end of crystallization of Exanple
B. [0039J Figure 19 is a mcrograph of the product
slum at the end of crystallization of Exanple 9A
[0040] Figure 20 is a mcrograph of the product sl uni
at the end of crystallization of Exanple B. [0_041 i
008Flgur e Fraurg 35 i arlaia@"rﬂb@r?ayﬁlﬁ“’dﬁm?‘hél}fzﬁ’r" &d texpredugt '!rly 1gipicro-
li.za
milifigproess s g AP erggr LGt O'tEﬁarrSfr*awcwdé%m at the
Eﬁiﬁ@]d of GHYSL &4l ﬁ?y‘io'ﬁ%lx 1R5 pl'gﬁ‘:ﬁﬂm\ﬁelk]dam[&gé :%ﬂd ok @&’ere“? 0253
a mcrograph o ct slurry- at e

LOlﬁ ﬁaylag alelpl 2 aki108| Afcof aﬂa{al Fein 1 bidd¥ddhln fot Gmien 24 hma;-: aner
partlcle size distribution report for the product in

injgshen ofi sghiwnt 1 ¢apgplpioo desgchonllBeanple s@Bzafdngroct§ or diy
mnutes of recycle mcro-mlling. [004Sf Figure 25 is a

m’]ﬁ‘&% F‘l‘f’t‘FSé‘l%“/Fé‘”HP!St“rl bution repoit foi the pioduct m
the micromlling piocess for Exanple 3B aftei 60

Del:ARE B8 PhubR ek e 18velier0- M | 1 ing [0046] Figure 26 JS a
i eport on the phﬁrmacokl neﬁl c. data collected foi thiee

190485 conbarTTg MRBPACHENision preer dnyBiindohbs retane

iny @Am@g%ﬁ@m FoRUih b @i cdkd-E&H pdriblediios: naéqh% R R&Tcl Qs than
dsrecl ftill capsule f0| the mcro-mlhng and cr>

aboyt Hithmarsedi ¢ Iproesls. ey Han PO pm éler%@r wid! s thea e 42 um.
In JQgstt @J,.\L eﬁk wifidt! \\QH' chnL, @rt)m ah@uil’%rw @lmu'i 4 Ln[n%%?}dr}l g H b %b ‘unuum of

rncro-mel tsitg and StalU aiion process
secd pddpd ey Jryreiitdaben. cBRpRiEwesedpwRTEe IenTHberigL b@e@m ?0 um for

exael & bGh8RolQ B 2FRAM0 ¥R PR 3B uﬁk%nﬁj{k € TheSedi@R ve penerated

by a number of wet milling devices, such as for example, media nulling. Particles less thao §
am mean may also be utihized. However, this size range i3 less atlraciive than nugro-seed
hecause the resulting API particle sizes if the particles are kept dispersed during a growth

crystailization are smalier than desired for conventional isolation techmiques using tvpical

sead levels of about 0.5% to about 13%

jO048] The process of the present ipvention (MMUC) comprises generating a starry of
the micro-seed and generating a solution containing the product to be crvstallized. These two
streams are combined to provide ovvstallization of the product. In most cases, the
crvstatlization 1s continued by manipulating changes in product solubilitv and concentration
i order to drive the crystallization. These marnupulations {ead to a supersaturated svstem
which provides a driving force for the deposition of solute on the seed. The level of
supersaturation during the seeding event and the subsequent crystallization is controlled at a
level to enhance growth conditions versus nucleation. In the present invention, the process is
designed to facilidate growth on the micro-sead while controlling the birth of new particles

A review of the methods for arvstallization including a discussion of growth and nucleation

RN



about 100 urn. such as foi e a p e less than about 60
urn. further still less than about 40 um I n nost cases
wao bdog/1pizesluct wi l | i ange from about 3 to aboutP@DUSI007/063785
dependi ng on the anmbunt of seed add d for en stal h/at
Qi The raicro-soed can range |'tomabout 0 1 to about
20 urn. for exanple, fromabout 1 |Io about H) um b\
nmean xol une anal} , H e seat can be generated b a
nunber of t ntlh ices, such as for exanple nedia
Progyst riefiopa pstaridesl v dgige tHunt i nieneriag BrosrephiSaptepas 1997,

t t - db th
3} SERF i ST P e o e par Fﬁf‘éieareekept
Eﬁﬁ%]s per Sel‘li\egrg& NGe@nd 39}91*1:&1 pci;tfélé .tofa 1@4’\@\3% ﬁﬁ'ﬂ)a@xx‘%f m

than desir or en i'sol ati on techni ques u3|n
invBhiea haseetmhivy 8f $edfic Q(H@tha@p/@‘h@mﬁﬂ@hged bp¥elkoRA48% h@gh
ptoccss o the present imentton (MWFfC) conprises
surfenerato wdpng rsteamdohust thegwivir wiesged andugensratnng eahanced
_sal uti on cont ai ni ng, t he product to be cr> stal h/ed
SSpHEREY By ey g i%a‘i'"‘é“éor‘?ﬁ? Hw%ﬂlg‘w fegbpapiicles avoids
on of the uct

ca
HULS‘;'T i?(“l}ﬁ)ﬂ tﬂ')l ciunt Sll ‘si%l“lo(,ﬁ% n eﬁtfh%ﬁzpﬁl JOTE %’w- Uy G?hﬂ)\\ﬁl {1 th \!SU!‘IU seed

pa; REIGOM Gy § HQL‘uJahBrY AL SORSEN (Blm Qﬂhé’ F\ﬁ?ﬁmﬁi&hﬁe controlf
Lstalli/ation Tlicse mani pul ations le to a

by Bmmﬁﬂmésl\%&tted}xésLde1M| ch ides a d i for ce for the
deposition of solute on the seed The le\ el of
[00§{]ﬂpe r s atlegnamiy. cm@fmnmi rinelog @@gm@gs whapihesigsited ervstal form s the

B SR AR TR R AR o N
smqﬁﬁl @L@%q ab QIegsai%h I'Bs;@ttﬁ pg'; 8%@1&“ ty Qﬁ JﬁEt?ﬁ]@%%ﬂ?i@hhArﬁcie

new parti ct

;mﬂ@is"iﬂﬂﬁ:h(&:ﬁ o@%c@bﬁshhﬁ%ﬂﬂh 1BChH SN GroftirRGUESHORNRTdal sead. the
growt h and nucl eauonprocess conditions is provided by

proBesk obth¢ Gheemit cakntBngiavedes i mguPmodpl pescle Septismibetonl8YFniirmead
P34 Take sone SoHcl Steps to inprove Crystal! L
by watvflldﬁw;wﬁpﬁbmgql%?h%ra PoRoBgEsane m f@a uzs‘t“-“bawfsre Prigsle size

tﬁﬁ },Pa.xl'é]ifan %@%@ é P axgesg%{? a% ﬁ‘axplggl esz-#] gu m& Flb Sgn xggi'}/o% 1'1%&1’ ng the

L{)l@ﬁ{sﬁ ﬁo@éﬂ Q@M&a@nhhﬁnoﬁ Wi’fiﬁg BarBL8®nfsBin¥ol une ratio and
he grO\M: rate, at a given Supersat uration, is

{005 n}h ancedigioget the paink vealoatniay &e tum;}earf@ehesmﬁkzcuon of any
particles A high popul ation of seed part i cl es avoi ds

)W@Mi@b@n anvtdiivef orseiig nctsyipgtiaivs dachediel pthemaceuticals,

stal l.ization is ong of %rovvth on .the exjstin ie g
‘moph rmaceuticals, nutraceuticals, diagnostit agents. agrochenucals, insecticides, herbicides,
pigments, food ingredients, food formudations, beverages. fine chemcals, and cosmetics; for
ease of descniption, principally pharmaceuticals will be specifically addressed. The
crvstathnefprecipiiated particles for organic compounds used in other industry segments can
be produced uuing the same general technigues described herein.
[0052] Any method of generating a supersaturation 1o promote growlh in the presence
of the micro-sead is amenable to this mvention. Common methods 1o manipulate

crvstathization include changes in solvent composition, temperature, use of chenuical

reaction, or use of distiflation. Although reactive crvstallization requires the formation of the
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particles at | ow supersaturation. Thus the size and
formof the APl particles are controlled by the
w@baraedres i stics of the seed particle. (0050 Eenesmbt/g63785
operating at reactor conditions where the desired
crystal formis the nost stable and seeding with the
desired crystal formis preferred. | t has been
di scovered that small particles have |less sensitivity
article attrition by shear since the particle
lnmlp’dﬁ tioa1 @eioppyetrsusgre. hedRbennebiesens @fh«fwlgmvﬁ pedant | y
nony nodal ,seed
S TR AT R R e N e
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aser scattering tec ques. Due to the
pr .-amai@@ B BR&S B RepRk tﬁliglr@el‘ﬁing&o@fees,_t fpengst | doang 3proguedme Solid
it is anenable to downstreamfiltration and
Stepoiodmipati Oy sirflivianen ™. hBhic miipositie itpeigtes ss herett inagpdrvied by
met hod for fine particle finishing. (005! Although the
*dﬂﬁﬁééﬂ?‘FﬁV@Hﬁﬁﬂﬁ“WﬁF be utilized for the productlon
{ﬁﬁ*\%}r any PhS %!;lcp {;‘Itw? (f]lelﬁje, I%lrtﬁfﬁ‘rwiyﬁg&{)ailfl% saﬁgl? oPh88 rluk &4 &K, M &o-seed can

ticles,” inc

he Q,chB @sﬁ@d& @1“5@4&4&({@4\ $ mcRELGRGEhH Ul Ll%l%]ﬁrondée?}%@l\?ﬁ b stallization or
agents, agrochem cals, insecticides, herbicides, pig

ser@Rbstifubaden-nghagbenTissse feolodgfeo mmeh atrion IIlSt,bohﬂMﬁmagHﬁ the art
fine chem cals and cosnetics; for ease of descrlptlon
andopsianeippaio lojhepbrastabiics gonleal "@om 41p epecigp e didfitiongilyya com bination
_@ddrgﬁged The ﬁ ystal line/precipitated particles for
PG AR G UNHE Sused i n ot her industry segments can

;m;g § Prodyg, 5 c% c‘x‘\%kaﬁlggaf%grgg ?EIR HANGL Al é{qﬁc IRy W?aére he lemperature

scri be erei nmet ho gener at i

is Rl SALMIAL ik Aiindved BY QRIS 0@ FOXMh Bradend ffe rpfs@ﬁm es. Qﬂmbaam
the mcro-seed is anenable to this invention. Common

crveelihads ttecstanicpdkathe L@myss@aalaliaimat otarsolvecl wdegeh angaservoir
i n solvent conposition enperature, use of chem ca
of JOB#EY BRTeAgIon PSP g %1? Folpigt frobptchapd h%g*hm#*e&ét»ﬁ“v@wﬂ the

tion requires.the. f
see DB PRt PRl R Rl eg e Brbgor 54
adcﬁlﬂﬂﬁfr%@ﬁ W@t §hands SURSLS Al FRLIQR o8 7L he product s
the source of crystallization”™ A review of

jeossly st al |Semdbbnub®ichats htorge des Bl (SlUpp tBabmbal bORe liguid
and the interplay between nucl eai i on and growth is
phage ovibeldoipynemyly carsp@hbvighaivt Bn giviebiritng. Rr ogrageptinuous

Sept enber 1997, P ? "§}$e some Solid Steps to |nprove
CryBAGEHRNPY FAE PO} (TSPripled BB ghe P ACTSLCBR S0 afreeto
lnlihgr & pxy e DERABLAL & F'mﬁ% o?fngt%ea Wifam contaning the solute dissolved in
solutton and a streans of non solvent. Here the ervstallization occurs al a rate similar o the
rate at which the components are added. See Figure 8. An example schematic for a reactive
crystaflization is provided in Figure 9.

{0056} The chemical composition of the streams chosen for the MMC process is
dependent on the compound being crvstallized. Accordingly, aqueous, organic or nuxed

aqueous and organie streams can be viitized.
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into the subject application. [0053] The addition of
the mcro-seed to the solute or the solute to the
wor@roeseed can be acconplished m several waysPCT/US2007/063785
i ncluding batch crystallization, sem -batch
crystallization or sem -continuous crystallization.
These techni ques are conmon to those practiced in the
art and extensions to other crystal izer
configurations are expected. Additionally a
[6688inbi nathh 8 pefcesshd g mlﬁo@snmn %\Bémmmq foragro-s3osaTs
talli I
reaBr 4T D seE naniny et sl ePaehen ey edrlsselec
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supersaturation. atch crystallization
M]!}M@ hadolysucR &l MQI@%}&Q&)}@&HE hAR O LS 1aGkeh drih@m i@Ens@ sonication,
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high emety ot gredursidmef ovd dhersplmghemprenfrat ohara rghresentative of the
sem - batch crysﬁalllz ion, the seed is typical
‘“%’&é&sﬂ%“ S RESigRSY 1 1 B’&I"W@d\kﬁi‘E$1‘1f"%t“étffi@?‘%%fliﬁ%lt‘éai‘
nom m Q IE{R%Useed addition or as a result of the
¢4 d&‘ on’ “Bee Figures 6 and 7 . (0055J Sem

Eﬂﬁ"\glont | NUQHSe é}ﬁ%%lkﬁlnlt blztﬁé IRBhdod ndlRS FNER it & KRERVd N8 milling
contents of the liquid phase in the reactor nearly

medod & @dkce i pughodie dfbedas tetaldiiszat inardicbn, media milling has
serai crontinuous crystallization by non-sol vent (also
beapdpunddo aningm the cuigla @ﬁt P the &b ap@ttx%@ﬁi pispraerde d hegizg of the
ctor followed.by SJnuItan ous .addjtion of both

m"g” 48 4H "6‘8ﬁ‘f”§l“h|“ﬁ§x‘f %f?&i‘ Pheat & S5BPYEU™ ™ sol uti on
mﬁ@@[d a st {&iﬁ[&ﬁf apﬁfét t!h)(tec% b Ellgxﬁgedtcnﬁng ﬁ‘)éshe?Hxl taé;'aQégQ of

ccurs at araes m rate

heGARRARE HeRidapRdad @&Qemﬁ&@n Fhi@beQeBperatdB. @M kfeed 1o afford
schematic for a reactive crystallization is provided

ﬁwmhmﬁﬂgume*&wﬁuk0056f The cheni cal conposition of the
eanms chosen for the MMC process is dependent on the
E*’*’&Bnpoundvf%f ng "e;r \y%fﬁ\a‘mf’i SEIUASEBI g PynatifEBidd o senerate

parﬁf gﬁale%%%an[‘:@ﬁ §?‘ff@“ H1 %l{%’ié‘l%glrﬂglgg gpegmﬁ f eﬁ? ﬁlle 1 ngwf &’qem i the

pre Lc!i‘:‘éeﬁt 1A B Wedhi k| i ﬂ@xzﬁﬂa«m&(@ ARRRAv LB 8 SRR FRs that
limt the need for dr> -mllinhg n a downstream

are ramdetm ek ORuPHRABSSHH aﬁln&osﬁke echeanpsihtiigpese gatclppior Bemulation,
particles of a nmean optinmum size ranging from about Io
Thia By s trgan cagrbyg upgdd i it wg:urrettl hm@gmgux; hinigrs spdg S rméh;ay ons from the

hy drodynan1c cavi Lon or gh inter S|t¥ 8
current inyention are most pre 1cla le uhenasub::t*mlmih 1sperse seed 18 un wed for

crystallization. Using aggregates of particles as seed is less desirable since the number and
size of the aggregates could be vanable. Thus, seed crystals of 0.1 v to .5 um may be
utilized in the present sovention whaere it 1 desirable to emplov colloidal stabibizers unless the
organic compound 15 seli-stabilized as disperse particles.

j0061] Since the process of the present invention 1s primaniy one of growth on
existing seed particles, the amount and size of nucro-seed is the paimary determunant of the
API particle size. Vanable amounts of seed can be added to afford the desived particle size

distribution {PSD) after crvstallization. Tvpical seed amounts (material not dissolved in the
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C“b‘étl‘f‘?iﬁ‘még VG AGNGRE SR €& [EL Y48 e i nce the nunber
100880 ST/ 90 Aot AGRERERIESMRRUL AR YA EDI & Thus

seed ci>sta urn be utilized in

jookkie present Kﬂ\(@lﬂt' b QR MWhBEEphedss loSief@ Bk HARh BeddhaCiXpl Anean

col l oidal stabilizers unless the organic conpound Is
ﬂfﬁ@P@BS&H@ﬂﬁﬂﬁéd@é&umlsperse particles. [0061 [ Since

the process of the present inv ention is primarily one
1097k growth of?) dexe! Wkﬁ@O@@éafﬁﬁﬁPVEﬁ%§ #dhe anount and

f d
OGRH par 1 ol e O B! S WS oY LB B g o vield
cry %q;ﬂﬁd pdrRcIdf 0 ey des | LefaPRitlk] € size distribution
SD) after crystallization. T\ pical seed amounts

meﬁmat er i athe Aokolthidgebaeednivcditpeisohasent, cbasen @i, ti@ues in

seed slurry) range fromabout 0. 1to 20 wt%rel ative
solvant edepogitonnt otbfr. The lakry herdgy L i@kt sigodigimbution to one only

ai U . e rowh crystallization, introducti
§§¥ ﬁ h‘ggng @jaolg SOME Cases 3;1?\ m!id erﬁrmcemem of the micro- seeg particie

stze 1s sufficient for the product needs and thus seed levels of 50% or higher may be used.

[0078} In one embodiment, the micro-seed may be isolated and charged as a dry
product,
{0671 The MMUC process of the current invention 18 highlyv scalable. Proper

equipment design at each scate may enable robust performance at all scales. Two features
that may be emploved for reliable scale up: 1) rapid micro-nuxing during additions of

materials 1o an actively crystallizing system and 2) inclusion of an energy device for particle



to larger particles. For exanple, |ow anmounts of seed

can increase the product particles size above 60 urn.
wheao7tigegr ystal | i zati on coul d potentially be RET/YSEOTD063785

to avoid iiucleation and pronote grcpvth on those

seeds. Seed levels of about 0 5 to 15% are reasonabl e

charges starting with mcro-seed of 1to 10 urn. [0062]

I n anot her enbodi nent the MMC process conprises [0063|
(1) using a wet mllin process to generate
disparg proolsmagnisd gediorperali tmegm v siillyer disicap prdaliinattesgfogurps pg

- 20.ump_a crystallizing an organic active
m“‘&%ﬁ’%ﬁh’ﬁdg r’f%toﬁﬁerﬁﬁ*%‘é’l)’% seed to >ield crystalline
Eﬁﬁﬁﬁrt ' Cl nﬁ%tﬁgmﬁn{gﬂﬂhﬁj %ﬂﬁ\t/&%%ﬁv R:H@r&! {'th\xmea[nQQpﬁé

In a furt er enbodi cess conpri ses

molQR6Bdve rdlathve uShB @h*@ac\f@isuéﬂnllhd’u@@ tlﬁfc‘@@lﬁ@&t"ﬂmfag&ﬂﬁr@é Sroduct.
m cro-seed having a nean si/.e of approxi rrately 0.1to

111@@ corpplf OGP nzM didekd by iloigsen porfridhorahe tAetralian ‘ioum al of
cro.seed: an %,’ L 3% crystalllzmg an org o

Cheguien, Yy EEOMPRUNGZE FEYRB By Yasauand Qayid Mﬂﬁr%tﬂa k!

\-ol I\Ig?'l ° nr}% "%‘ﬁ% o?sxét m”b s rr"ié?" 'J ermu” a: \mo Qnm um% I,c]l t%ﬁ

ear|

autbﬁn@“ a &Wﬁoﬂ & p?QJuM%ﬂ@m &%Rﬁr&gt]\l o1 ’@ﬁloﬁté‘fﬁfhﬂsh@}hﬁ alow
tailors the resultant particle siZe distribution

mu@neiant Ymshid ghidyhebar ger sdifmn chientseedr rehgens m;(masms rapid
only mld enhancement of the mcro-seed part| cle size
migra-nyyg Fadpesaor gloninglpecopradraden pabeds hadopiduenddeagucleation
| evel s of 50% or hi gher may be used. (0070 In one
®*%hbodime t the nicro-seed ma> be isol ated and char ged

mﬁ?:%k/ Zn?r %)1% Bxﬁ Sg]h r{}rQ\Q 811 ihf T%FmeY%ug&Qﬁ&%ﬁmﬁfs k&ﬂ ‘Fond R gfr&ﬂ&e

y sca per equi pment

arodlh 8aGh nﬁ&‘a-lx&dnw sRRARLE. 1O RWSHcs REEAQRIMANGE add fadtluhd
scales. Two features that may be enployed for reliable

nud@ibecapot beyubsapiialyndvorded Nk apygoghatd g d adekr shamsbodhosen in
materials to an actively crystalli zi nﬁ system and 2
ihﬁw@méﬁp bfr’f“@f“-'&ﬁ“‘éﬁé?‘@}‘“%lél%‘é‘é“ﬂ@?‘“ BHE rev%n%u@% cal
/. er

CO’D&%!H{ﬁgDI}]S- (ﬁ éﬂi)@ﬁlgg g%};l@a P‘ié(‘g@ g?eél 1S ‘1(1%83’ 0 a oy qtﬁﬁzer gmﬁammg SG[UiE,

dispersion of the seed by rapid micro~nuxing is important to hout agglomeration of the
micro-seed as crvstaliization takes place.

0074} Additionally, the work of Hunstow (Chemical Engineenng Transactions,
“Proceedings of the 15™ Intemational Symposium on Industrial Crystallization 20027,
Volume 1 2002, p 65, published by ADIC ~ Asyociazione Trliane DI Engegneria Chemi)
teaches that agglomeration of particles is directly related 1o the level of local supersaturation.
Therefore, vapid micro-mixing 18 also helpful in pummizing agglomeration for this situation.
The selection of a rapid mixer must be balanced against the {evel of particle atirition by the
choice of the mixer. The mechanism leading to particle birth due to particle —particles or
particles - crvstallizer surface interactions in the presence of seed particles is commonly
referred to as secondary nucleation and is expected to occur to some extent in most

crystatlizations. The choices of equipment can alter the extent of this effect.
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amenabl e for scale-up of the invention. [0072] Rapid
mcro- mxing inplies a fast mxing ti e of the two
wareganmsesat the nol ecul ar | evel relative to theCT/US2007/063785
characteristic induction tune for crystallization of
the product. These concepts are explained in detail by
Johnson and PrucThonrne (Australian Journal of
Chem stry .56(..LQ: 1021-1024 (2003)} and by Marcant
and Davi d (AI ChE journal Nov 1991 vol 37. No 11)
EG@%& h gr d%rsgmowau thpRsndt ¢ s8¢t l@!ﬁsaha\@ léengpRay 3o n@&m@n and then
| (San d ct. thg outcome@of a sta{é zal | on.or
agt ?‘8“&%“5 %&Fu 8?10““/&88 FEAgNY et %m‘t* 3I°8S ?—!-b’ﬁ‘é‘&ﬁ 280 gfticte
2o W AR KT B | SecRAURNLAIEH %wf%g]% ANt
concentrate, or reagent Itions
indhi @aDseBd ¥hiiged RAUGEEMBIRIE k\lefEl d8hRSNC ANCENE piakin@Rutical
gradients that could |l ead to a nucl eation event.
applio@in34 shyownauen odi drentd fof 1t tdnebel mwe Ao 1o scale up a process
supersaturation is kept low to pronote growh on the
COITfY; b“i’"é‘ ag@@a&m}aﬁ PagiTss- gggfssi fa%mRn«ﬂ Hig qegirghye to develop mithodb {0

usedhel Slldgatlo s doh L850 apd, ycl eation cannot be
‘b{ ntially A AR AT priate rapid mxer

mc@@PU' d he o&ﬁ@z@ Qﬁe é:ﬁwtx Qﬁzﬁ@n%@ @Rnd B\ it farUG QAL ikeosn: fQYem
m xi ng reagent streans qui ckly and avoidi ng hi gh | ocal

1o gonténtglantaie off theagimissnusyhemnpbhd wnihe koxgedstsis during
added to a crystalli e; containing solute, dispersion
ory éiﬁ hrwn%@t:etbynqﬂaw oo @rmmlﬁmﬂ@pﬁ@e !?‘ﬁ}?ﬁ‘r tAnppptepiental
O %gll onerati.on o{ the m cro-seed |
encgy VP PRSI kR piesRign By 66?‘4]"“%8% rbn%flf"ﬁ“%é the
ene\@v-r é%-if% is iH @&5@% Q%%”ﬂh 1%‘1\ \Eﬂgf) DR&L 1":1 v Eﬂ@ﬁl@ﬁ ed%%eﬂw apart

oceedl ngs nt er nat’i ona osium o

or draddIs SehiahleOhHiRh @J rhtlezcﬁll Ak #RAZelomdalelmen; 1 et&@@%d@m@ Qould be
publ i shed by ADI C - Associazione Italia a D

as tﬁmgiegmepmaesﬁhda&ag)led eaiclhmistot biat reagdy jopeewalt loid pofmping through it
particles is directly related to the | evel of I|ocal
1%&% atedrelt FomY drherang e ¢ ‘*Fab*i’l%lc‘m‘éll"émﬁ‘ﬂ%@‘ﬂ dhgeso
de\g‘.[?eq Sgﬁl (‘%‘1 en%lgeng’igpg %?s zﬁg SRy qem?rg%l aier[}lo{( é?%,ﬁg%le b;é)d uct is
exo@daan Qﬁ%gﬁgétr@(ﬁknﬁxh Rdt&V Bl bt BRI A Q@ LS ﬁﬂc\{ z'do'i‘ si%fw shear

the choice of fhe mxer. The mechani sm | eadi ng t

enidhinkifilagd friemicd whe®il tvaepide pardties thpasdiies b@Soomupet &@‘h@sﬁon
- crystailizer surface inter act| ons in the pr esence of
enas@ebppat it esstillszee bawrhoer fpuad to hmit agglomeration of contpounds that

aggregate readily and form stronger agglomerates. Applving sonication or an energy device
at the end of the crvstalhization can also be useful to break agglomerates. bul is less desirable
than during the crvstalhization since the agglomerates may be of significant strength by the
and of the crvstatlization time. Sonication horos also provide a sound wave which may be
responsibie for breaking Hghtly agglomerated materials without fracturing the primary
particles,

{0077} Needle erystals present challenges for the processing of fine organics. In
particular, their filtration rates are typically slow. One aspect of this invention is the use of

sonication dusing crvstallization. Sonication can promote the growth of needle crvstals i the



referred to as secondary nucleation and is expected to
occur to sone extent in nost crystallizations. The
webwraeseof equi pmrent can alter the extent of PEI/ES2007/063785
effect.[007Sf Organic active conmpounds of small size
have a tendency | o aggregate and then aggl onerate by
the deposition of a s on an aggregate during
crystallization. Wien particles agglonmerate the API
‘particle e will be larger than if growth occurred only
wigh drgedon Haldpizduaere sehwet Dpauet leT Blgratiend E@g‘bfb‘ﬁéﬁ@t— ggnger e

not resen ceutic | catl
ﬂenglﬂbq 156(}{ nfaecﬁ%ctr\ ﬁgsisnga ef,;&c’laﬁ\f’ ﬂcg&ﬁta_so s }%es’lieq tend io
br eQI\ &f \'h‘é s ntr dt\g ﬁ@ﬁ]oﬁuc%éf%namﬂr(@ GEIA QIR 'b% B rter lf:r% gih. b o

hese situations,

{ﬂﬂdgﬁl r abl ;e;e@t@ma@@ma nehieds: §QobisichIRIrRGAOWSRE o paaY €
aggl oneration i s managed. | 00761 general, the energy
betdbequsitapd 6K bl iehipbly dge;nptah emqb Hyetl unuild@smnhjgatn esm for successiul
suff|C|ent to afford de eration and_t he

d“%%ﬁ?%&?%%“ﬁﬁgfmb@“ékbbszg“¥ﬁpkﬁé9%H@P§%‘d%ﬁ%VT?dﬁﬁﬂ$hﬁm“

or &k 1¥§1?mel auon E\}Iﬂ%{l? S{(ﬂmbsyrlEJ r?%uﬁ&? ydl’%)%lf nlfaln%Il(g?ulﬂvl%méz)}umn of

nardBXi86s xk\%h%té ST RATSL Z@ aﬂ&%:ﬁﬁw ShlaRRi R Qiestﬂ%ﬁ%h&g
particles. A function of the energy device is

pnﬂwsammgaammMQM&>oﬂhhnﬁﬂanSmMﬁh@ﬁhhﬁ&&k&hhghmhmnmdh%ﬁ
aggl onerated materials apart or create a shear filed
strapgihd b @@b@@@t@m upfiaia -2y ﬁ@ma@ghhimmmged dening ﬁ@n@@@y e
devi ce d be 0 desi.
preSigie ] Oare atretd Gsabpp L ¢ heE B s i g hrous a0d
i t»httemﬂ: H&’t rg at F;SFQS% ik Ssehh %} L@mﬁﬁ eIQ%W 4Fhe glrégen‘f ﬁ‘ﬂeﬁfeﬁx.el? fas

sta I zat 1 on process. ese devic

oﬁuﬁlidd% & He JANRR I 2EGHEIRERS « WAt AYGHONBK TB%r @R R R Alcases, and
strong or the product is exposed to the device

thuf niegugintrleyryRotrds oStoatcaronaet espedidlls effiegvade prahiotegrowth on
provide a strong shear environnent and are nost useful
dispesrPaptivees paeite ‘@%m%ﬁéh%%¥W%% are not attritted.

ni cati.on ener to the.crystalljzes- has
00380 F o her B R PR Pl sl BB A SR oSl e
orvBIULAAT BohB A by BRI AN SLLPNUS 1 RPY) 1BIRE 883 duction time
“Applying sonication or an energy device at the end of

forhbgegioy st gl grivd@d halk maRatih0mbeer s edpstsatuention ealis is useful to
aggl onerates but is |ess desirable than during the
enhap gﬁgt}satg praduabiibral seidied cerive Ly g1 ® m:_»trsam@g;\ { s pricgfor wi thout
n flcani{flstren fay the end

th .

“’*“”’éiﬂgﬁ& 143 46 PoH ¢ ﬁém%ﬁ?ﬂcé‘ﬁﬂ‘%ﬁﬁwk‘ﬂ%ﬂd&t Qb Prvirle a
Eng Qé‘lcﬁﬁu W)\("%H\ iy Ckb(“%)( €4 11 e%ﬂo I:l%'wk?scﬁ 15 nlilpt%{ qshmr&gnu 1

gl omef at ed” mat Ut fracturin
tmﬁﬁﬂzﬁa\r}ﬁé%ﬁé b;@;{e%?xe of micro- seed dm,ates the final product properties and
aspecially the crvstal form.
0080} The application of sonication to pharmaceutical crystallization for the purpose
of controlled growth on disperse micro-seed particles as in the MMC process 1s anique. In
addition, the sonication power required for successhid deagglomeration as demonstrated i

the current invention 1s relatively small, less than 10 watts per liter of fotal batch at the end of

crystailization and preferably less than 1 watt per liter of total baich at the end of
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(0077| Needle crystals present challenges for the
processing of fine organics. In particular, their

wo pdorned7oon rates are typically slow One aspeRCT/U82007/063785
this invention is the use of sonication during
crystallization. Sonication can pronote the growth of
needl e crystals mthewidth direction yielding a nore
robust product for iiltiatiou. The use of sonication
tovgenerate m cro-seed for needle e stals is also )

crvgigifedtionl e éﬂﬁt@g‘é BULBPINS Edf Iseycation and @S%rf:éarklo éin '[F‘r‘ﬂéﬂ 0gy is an

and uce. rv3|
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known that sonication is effect! \ e at d aggr a on or
[6088laggl orlhensd dlonedReibopan drSokutshads Ramioe-B004 and methods to
. "dispersion and deaggl orneraiio anopartlcles m
Mgy FSUBRIPRIET Y pacey )i‘ e Biﬁég‘ﬁi“h@ ’r‘?g“‘it‘ék‘yfﬂ ‘ar’f&t‘iﬂdﬁ(’éﬁ for
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a chREniROS QPRIREELSANREHRR tahil3hl @x'&'ﬁ@ %@% aﬁ§ed@r0ﬁesf& r med
during the negativepressure period of the v n e and

funtherabi@pitte cotddapsenotaiihecs sbubbl eslapliayideeavisthorko-sixing
n e and high tenperature and pressures useful for
andgeaggnenilensel own tﬁ t&ehe*tpmers@mndﬁmfb micowolladtexigag! todkmtank.

found that the grov articles are n
T A b é‘fmﬁ%@g* SRR GEAe praduction. A

pr a@ﬁ&ﬂ“ er SRR Forhis &ts(%mqf R}%Qﬁi'e& ﬁlltI" d? Qh&’g-@ﬁgm@l] l}estel
sper

theto pronote se partlte

agc\MnEaM@@ b'aiiéd et d @R n@fmtb Reccpar diihedhefed @R 8batlo of Righ turbulence.
recent \  ears. L\ otl on sonication for chemistry ha

Addtivmef thelstraathonionlystealel bizht ppa inkog wgiohas tblsdmt fbwcedrwoycle
the use of ultrasound to reduce the induction tine for
toog uvccrﬂeamh@qh%w t%%*rcdw dé»lpae. Mt kgl é‘a% iﬁdﬁ«oatmc\%fa}efﬁat e
cor ERPBRULRN P B - Seld BEHHLRe PUFTORTR R Theaowe s
notHmi B9 I’cagﬁm"}‘&:rdug{ S rE {net‘/l\adlilhg@%d fnagd {QQL mmaiqgu@\ 8kt o

seed to the batch concentrate (MCausl and

achGheiyi e@ler gbmaRIyl NYe PHroghessmiking i2 PRdliRs Emd 1.n|<t191 red vebfls are
approach is contrary to the current teachings, where
despifeedpr ébetiea’bodh efifetor sbblivini @tlales o e Fhdtigpdodudtrce).

H}t}gr operti ﬁ}g Tecve Ulg raeig l%r i eaclnl S}/ﬁlgflg‘let ag rI]Je %Exa%luneg 'B}.EQhe time to pass the
equivalent of one volume of the batch al the end of the crystallization through the recycle
loop, or the turnover tune at the end of the crvstallization. The turnover time for a vessel can
be varied independently and will be a fanction of the frequency at which the baich should be
axposed to the supplemental energy device to limit the agglomeration of the product. A
ptcal tumover time for large seale production ranges from about § to about 30 minutes, bt
this is not hmuting.  Since the agglomeration of the product orystals fvpcally requires
deposition of mass by crystallization, the rate of crystallization can be stowed to extend the

furnover time required to afford deagglomeration.
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[COS] The application of sonication to pharmaceutica
cr> stalli/atson for the purpose of controlled growth
wWroodileqies se nmicro-seed particles as in the . W®MZUS2007/063785
process is unique. In addition, the sonication power
required for successful deaggl oneration as
denonstrated mthe current indention is ielatnely
small, less than 10 watte pei liter of total batch at
the end of er\ stalliMion and preferabh | ess than 1
[O0R 2 t per'}“mg,pgr@plgefa e arfappahoidhe epdtagiiyodyet may be enhanced by
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crystallizer can serve as a blending device, wth
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a streaminto a region of high energy dissipation or

dinbyirigloy tmwblmduéﬁ@\ ceradicdiginionc 1¢ff1i1gin®ess foneamuindeoactb. el
center of the pe into a region of turbulent fiowin
bulh u‘lﬁé&‘y@‘ éd}fé!(l_}ﬁmplél nggd% W‘B‘é}ﬁ ltlﬁ.,()n qlﬁuthh |L§m:é§gg .ﬂ(@ ol.
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cenf et Pty 80 Blosl i nGe LSBT B P Ohiosde e

aleMef "Rt bN Galkifm @dbnad Rird1-e%8FRN S v?'ht&pit\ al thiTutd DG
the location of reagent addition and net hod of reagent

sfezaﬁté lakd QRrdsS distehibie¢al Cridn RE NI BNk NGoIRT GRS IHhiCI, O vl RG of
The concepts of mixing in pipelines and in stirred
cellpboss adstherr elig e\@brm b*e&tionmr@hbmﬂhﬂdﬁb@m Gﬂi”’ﬂﬁ&iust rial

xlng $ﬂ§ %% 2004, JVIey Inle 3 EPCH%
carppeFEty Ot p yaféﬂ syiEethieeliessny i S i doEuo
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Prop)
hy droxy propyimethviceliulose phihalate, noncrvstaliine cellulose; dicalcium phosphate,
dodecyl trirnethyl ammonium bromide, dextran, dialkylesters of sodium sullosuccinie {e.g.
Aerosol OT® of American Cvananud), gelatin, glycerol, glveerol monostearate, glucose, p-
isonony [phenoxypoli-(glyaidol), also known as Olin 10-G® or surlactant H-G® (of Olin
Chemicals, Stamford, Conn.);, glucamides such as oclanovi-N-methviglocamide, decanovi-N-
methylglucamide: beptanovi-N-methylglucamide, lactose, lecithin(phosphatides), maltosides

such as n-dodecyl f-D-mabioside;mannitol, magnesiwm stearate, magnesiun: alumumum
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equi val ent of one volunme of the batch at the end of
the crystallization through the recycle |oop, or the

wo eooiovess ti ne al the end of the crystalli zatipeT/uSive7/063785
turnover tone for a vessel can be varied independently
and will be a function of the frequency at which the
bat ch shoul d be exposed to the suppl enental energy
device to limt the aggloneration of the product. A
typical turnover tinme for |arge scale producti on
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ad T on o

m&&h@ Ry IBYHLBO SER:i 8, WRI thion$ W8 hxol%Qalﬁﬁg !ftﬁﬂt PR anePle0d pﬁﬁ'omcs
oxidation or to limt conpounds sticking to the sides

FoRifFda Feed@ skl ositeand upphementdah gt itdovBa SAEripetion Mount Olive,
substantially renoved by the isolation step yleldlng
NIpariencgbies wsh pphghedi 8rt-gluntivemogis Dvhet}hl Bi-glaeaparaposide: n-

ociglﬁgf)éggiulé%esggﬁgsggu% i&‘k@ﬁﬁ:‘ﬁ?‘%ﬁ gw%{e)g o ﬁ@l‘f gh%-mahopymnoside; -
daa%EMyB Lh%ﬁstrlu%gz §:,tq‘mt%mql¢\ 511%%1\4\@@;58&%9@ :ﬂqsggazélti . sodiym

VES but™ ar not

citrbiQ: sthrBRK sofbi b 8RS so@IRREBERIHK sSPAINIRIG: SR ka Ishdilshng
agents enul sifiers, suspending agent's adjuvants

dodeetitsifige, agdint é.z;urwé\wldm«emgn@L PONNOTE ngDulmd cqpperhom rgpric
agents, isotonic agents, colloidal dispersan Is and
acid uw*’am AP e @S thoelupstder nh perrbers [-RHapguepside,

uc S pll, L [ d I ;

uagé‘m %lg h&etlégl()%nn ey J?aﬁgl W bglgf)és a *Lg?”tj‘& 5@5%1 %wxq m&[ﬁoﬁ’
Rhlnﬁ r’l@(gi NRP I eRIRL K n@%&&:ﬂh&%@? L 6@160le LM @lerDlstlefO R nvants,

di oxi de, ce|03|eary) al cohol . " cet onmacr ogoi enuIS|fy|ng

weli@y agdh&sS Roinic aL @iy 0Bk dadiabeesans ahy Surfythd bl coMmerciatly
chlorlde, cetvl alcohol cholesterol, calcium

avedtabib onandge prapaied bagchiqueg Oteyn inwbi@h | a mi xture of

apRCr ose stearate an sucroge stte%{age (of Croda

O0BRk. ) . ditkfydse kg oISt aiRdy BRTHS HrTEblegapPaliydurey ot

commercially avaitable, such as crvstal growth modifiers to tailor the process performance.

The properties of many of these and other pharmaceutical excipients suitable for addition to

the process solvent streams before or after mixing are provided in the Handbook of

Pharmaceutical Excipients, 3rd edition, editor Arthur H. Kibbe, 2000, Amencan

Pharmaceuatical Associalion, London, the disclosure of which 1s hereby incorporated by

reference in is entirety.

o086} I the MMUC process of the present invention, microparticles are formed in the

final nuxed sclution. The final solvent concentration conaimng the nucropariicles can be
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cellul ose and their salts such as hydroxypropyl
ni et hyl cel l ul ose (HPMC). carboxynet hyl cel i ose sodi um
wa@ a0oposereet hyl cei l ul ose and its salts, hydroxypeDpg1007/063785
cell idoses, nmethyl eellul ose. hy droxy ethy iceS
ul ose. hydroxy propyl cellul ose,
hydr oxypr opyl net hyScel | ul ose phthal ate, noncrystalline
cel lul ose: dicalciurn phosphate, dodecyl trimethyl
amoni um brom de dextran, dial kyl esters of sodium
altagey] l}xb@u@@m«pIam@'@rqgtmmp@pg@gﬁ z@l(u@)w At pEpied i, dinlvsis,

L. ate.. .
sl Bgeu P S i Bkgief R purat PAGHES Ehraton.
e\i@étuwglué%&u@gﬁ )Iuglre\g%tfi @%x@%ra{ 9\ o h‘h@%fpr(geﬁgs tvpically ocear

. gl ucam des 'suc
aft @ Chradandn aﬂ\hé@ldimh@:iclds,mmﬁﬁﬁd a Qﬁ@c@&%ﬂrm@ﬂﬁtfbﬂﬁ'@bn process.
ucam de: heptanoy 1-N-nethy |glucam de. |actose, |ec
[068Rl n( phdsiphatindesy, hyrmilidsbibsitsughodist inddodbtiyn phase can
b-D- ni aj t osi de; manni t ol nagne3|un1stearate gnesi um
durgie ey A ee 19 deagsdiongy I”s“*‘é‘tﬁ'c"ﬁ U ‘Bé‘ﬁ tjw*ds@w & i Fan%w teading

ol 93%{ %ggﬁomuates c%f \{lep n%lu % a? 5 G ll‘lmd (iurmv f'“‘ *?ia ﬁmq%n OP&) Ih(m of a

ene ol
dr u%ﬁxln)éﬁaiﬁér F‘%ﬁﬁ%ﬁ&@{‘ghﬁ@e%ﬂ e(@ﬁ)@ QQ[@’LJS srea st hald p@.ﬂz cle size
de poh oxyetbs | ene al kv Sel hers(eg macr ogol
xu@khﬁﬂﬁnﬁﬂﬁh ke Gel enRonaged cal®OBjokepliymeyethydt@n@rocessing to
sorbttan fattx acid esters(eg the comercially
yieguupdistsevihyrestid (oryoaypilabdity.speci al ty chenmical ) poly

[ﬁﬁg%))é r gl gﬁtll %Bgsl u{(}{al St rua}? Iélldhg&p!%%tg tglg,(sguﬁn \}%&)ﬁg\ég}l Dc\tl lnﬁggm ng

too[. rgl%é‘ﬁg%ﬂct( (ﬁ? iﬁ\%ﬂp ﬂ&%%@ﬁﬁﬁﬁg e41m(cl';des llsed {0 mﬁasu em‘mic & Size may

ynmer w t

resﬂi(ind,{?mﬁétﬁm R@ﬁsﬂﬂi Q@Mﬂcdﬁﬁﬁz@@uﬁﬂl@“ﬁ s oy hOIRPe |bma§ upe
one, and tpton). all and pol axamines (e.g. P uronic&

apfF@BIrRET injo Hative fad)@éyg Thangattieletson neah Qs dthegirbdibot wmaf mdnmte
BASF Corporation Munt KJ), p> ranosides &uch as
args. wﬂvw&ﬁ@f@nma eba&» LRIl . Px&-ﬁ%t&uﬁw i e mﬁapvdw a versus

l?.,hl ngtgxé);.lte%hrﬁuﬁ% S.A é}biﬁlée?ltxgeémﬁénerﬁg%gt ] gge s setdl aﬁlY in the examples
Qu D@l e Ry aﬂ'}ﬁﬁﬂgﬁ\eﬂze GUR 2BRBR RPN CONRAREBaser light

silicic acid, sodiumcitrate, starches sorbs (an
scag@tr@rdvisadiSpsitantibonahelysBolf e pedur ek pydfend ngh yadlise similar

sodi um dodec> 1sul fate, sodiumlaun | sulfate (eg.
0 {'h)tjﬁbm\]@_'egpg{ﬂgx afchDg Potit] to Grapopestion Iseerdd, et face areg of a
o R0 B e S8 o e LB SR 0 pored
{mg%mpo which is a |l ar\ ! ether sulfonate (of
[00589] Cine shape of a particle that is often problematic for particle size analvsis is
that of needles where the aspect ratio of the length to width is greater than 6. This type of a
particle can demonstrate a bimodal particle size distribution when nucrographs show a
consistent product of snwall size has been produced. For this invention, the particle size by
Hight scattering in drv analvss cell 1s measured in a Sympatee Helos when the aspect ratio is

tess than 6. When the aspect ratio is 6 or greater, optical nueroscopy 1s used to measure the

particle size by the longest dimension of the crystal.
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Rhom and Haas); and the |ike The inert diluents.
soluM /Jng agen ts enulsifiers. adjuvants. wetting
W@Q@nit1eq768 sot oni ¢ agents, coll oi dal di spersai t BCEO82007/063785
surfactants are conmercia h - available or can be
prepared by techniques knovn i the art [0085 j Likew
ise it is possible to syntliesi/e desirable chem ca
structures not cornneteial Ss a\ ail abl e such as
crystal growh nodifiers lo tailor the process
Eﬁﬂaﬁly f or mENEEATHEPHY s9ersena 8t BF Pivdrstof o MHES eraat igeler

o R PEEL h Bl il e B S S R e Bnce o

) f v ’ [

St D s RISt PRRRERL R L B

cmﬁih@ﬁ(ﬁmﬁ%ﬂérh&ﬂliuoﬁ@ﬁ@@ﬂ @iﬂp@ﬁszm&; endeay i hgsdis st asusivaf in
Lvhich is hereby incorporated by reference inits

pargatiay ﬁt*zym{a@(jlsﬁ] carrposinens, WiEMD: p:rud@:e sbthoMMherpresenbe made to
n tj croparti cl are formed in the final m xed

‘3"‘§"é’| ‘{!ﬁ PSS ﬂﬁthemﬁﬁ%rmé BRsed H'E‘“‘E%’Eé RClde SR cEs R o Y g& of

cro

m !
dﬂi}(;)l‘-« %\ PRSI ‘? S n'xtbo’sc SP(mal) 8 Bul nm l]n m; af_ ﬁle 5 ?1 wn}pa\mnp%fr tﬁ) MMC

pr ocess
prob@s ash %Ibyeﬁhéwt f(‘}hI%t’lltll)Ill @ﬁ:i‘u@@ ﬂn?ﬂ’b@?ﬂ *fntx R EnAROK AL ERN
centri {ligation. Kophili/at “oo, filtration sterile

muﬂmhmﬁmxjmmnRQMhmaﬁhmemMﬁm@mf@ﬁmmhmﬁhmhhmgdm@&hhammhmmmm>
and spray drv sng These processes t\ picalh occur

antgglf abeic fughifimbiainleptiost shigiappspanthaideisivg geengso giidmgbagic
occur. during the formati process. bOOS?f Uhas been

8B WY PP RACE Hidg S d!“t‘]bf’ﬁf‘%‘% ) “lb}‘% PURIRESFRE. antithyroid

aoe%{% édz '\R’i\ aﬂgﬁugiéﬁla(‘n&%édﬁ‘[& eQT%:‘. IH%?I} e@éla— ‘Bﬁﬁe‘.‘r‘ﬁﬁé&;&zﬁﬁm Oking

dmb@ %thlﬂ@[ hiQlid. Gt oRIGHS FBERL:QE jf@j\cl!{l:h @mﬁﬁkha BucRal dikhGloase
ormed during crystalh/auon ssolution of a drug

imgeargtagetie dapirenerbios. iradadsiaons, ismofitlegcs epsilt lipdireputdiey agents,

surface area of the natn e particle si/e versus )
““‘%fé‘@‘f%"r‘f@"ﬁ‘\aﬂ}é%*‘“"W&‘OBW@‘WC*al{j‘@"i“@ﬁ‘ét’ stledongnprosesisrdine ﬁld“’*

Phaé’&‘&%ﬁ?‘a“%ﬁ Sen Ofﬂé% eq I%P i Lﬁsaélééigg s, Fr%tgglﬁlgl ﬁRgmB%El:i%] i1 r}eéc:s hyroid
.wcﬁlﬁ/ ErodiBldrs A’{M%ml%ﬁ» 4 @lﬁ%n LR r2 ke ude %uﬂ%@& for oral

measuring tool For instance, t> pical |aser |ight

adrBieRtrhehl ang rracibgatesnivsaidn thod Rastirexdpanittibe algiongh it is
result in erroneous readi ngs since the techniques
corgpiploy wdiserage envotthdsl st ¢ denabpaeies. The drug substances can be

selected from any pharmaceutical organic active and precursor compound, A description of
these classes of drugs and a bisting of species within each class can be found 1n Physicians
Diesk Reference, 51 edition, 2001, Medical Econonucs Co., Montvale, NJ, the disclosure of
which is hereby incorporated by reference o sts entirety. The drug substances are
commercially available andfor can be prepared by technigues known in the art.

[0091] As used heren, the terms “crvstallization™ andfor “precipitation™ include any
methodology of producing particies from fluids; icluding, but not limited to, classical
solvent/antisolvent crystallization/precipitation; temperature dependent

crystailization precipitation; “saling out”™ crystallization/precipitation; pH dependent



aggl onerates into nati\ e particles. Thus, particle
si/e anal) sis of the product may indicate |arge
waoglonesat es i nstead of the natn e particl e sP¢BUS2007/063785
Measurenent of the surface area \ ersus |ight
scattering techniques is a preferred neasurenent
technique as set forth in the exanpl es bel ow ever nean
particle size my al so be neasured using com enti onal
| aser |ight scattering de\ ices Speci f| cal K, the
reagifrab y spameflinen) st ireton mregpiEtion cada rakonipenpigon based
tec Heios machine wwth 1 to 3 atm

up%‘rcé‘g@{ffﬁémgioﬁ&é‘fé?ﬁ’\é‘r"ﬁ‘l‘C}Q‘Esh &%urface area of a product
Eﬁﬁ@f‘]d the Qa«fkéd ﬁér@n Sdle @n@rﬁmﬁhy rﬁ&%ht}’mf G u%a%g 81@%9%9&:@9

t he shape of e In questio
cors h@ﬁ@ b&@hy derpad bﬁﬂaﬁncﬁib@&al k@ dr Qﬁer@lr;gtgl s@ﬁm—shfedfz@ be equivalent
parti cle Si/e anah sis i that of needles where the
o ppéet fr mataitm‘l@gfivﬁ hairdee fug khrotie, wipdaiing speghdiat enccirhamnucleic
his t\ of. a particle can deponstrate a hi nodal
act a‘f‘t"“ﬂ“%‘" QYU %’é‘ﬁf‘%bf*i‘*@n‘*‘é@h’éﬁ URE & POBYEHAY: 4 Ay extract, a

e RPEhRRDND BLAIE Pl Rbptlbiyias Deer ggggygfﬁngm

Em}'@ﬁ‘l dr> afalysihseis Qi)éleﬁ‘n@@ﬁ Htcechd %ﬁ-@%ﬂi’%&%ie"@&%m alv.
when the aspect ratio is less than 6 Wien the aspect

thokafhlids ihsvhechar suljiteat ersubaptivibadisslved ond aplyid shitisetisdsabe
measure the particle si/e b the Iongest di mensi on of
de*ﬁ‘h‘é%wtﬁﬂ%ﬁﬁfaﬂ[@@@@ msub@rémrefn&l 0\@6%?0 pe@cessi ng of the

roduct rocess i. har maceut i cal
00D i ek R oL P D GET SR o Al fhe

oy W\l‘ﬁzyg ki dﬁ%qrmfl %\f gﬁﬁ\& 19&112%’19&1%9{11‘1 Qe Gﬁ{%tx@'g&gulﬂﬁle And w ’ﬂel(‘j

proau rocesses such as

fediQble bﬁérlrﬁ&uﬁ@ﬁ'@tﬁﬁhh&ﬁ 1O banOfe @Rt ® Rocoio86 the present
conpression, or direct fill capsules are al | possi bl e

mvhitiop ardudeubua areplobli masieat ingladlicoenpds mitalaphiss, whd desich @nestheties,
product of the MMC process can be made to sati sfy h e
<““?\‘é‘é\d§mb#f”i{1‘ﬁ§*€? RERrEgLy ‘W[&hdl“tl\?ﬁég"é PO FIPETS P U ERRE R Re

on G EpaeBionr il “R3e Mri R eI R e ibnne
antl- &f\luf)l‘ﬂ.@ %}1@51@Ciﬁ§l§,ltﬁﬁ‘§icxs WRRRAHERL L0 LAKL8LLRBs. antihormones,

i nclude: a algesics ant i-inflammatory agents, an
antih@hdriendil @Sandhi por@eiv by -eSlamantdie@ shimBkhdses, antimycotics,
anti bi otics, anticoagul ants, antidepressants,
antgaoi et et et ebﬁa@emgﬂ anttnitacpp r@&ﬁ@pt wgiprolenat r«hmép&anhw@s
ant j hypertensive ag ants am _nuscarinic a {s ant i,

m“ﬁf/‘l&‘éﬁya“&t‘ éP'}bgﬂﬁﬂﬁg@m ronafjies; ﬁ‘é@ﬁﬁlégst RIgEY g@léﬂ ngiolytics. astringensts,
i}»ijl“mlmgﬁg Pﬁ.p‘£§§tslﬁl? k?()tvad}ltxtjist II;WJ dg breath fresheners. bronchospasmelvtic

drugs, bronchodilators, calcium channel blockers, cardiac glveosides, contracepiives,
cortiocosteroids, decongestants, diagnostics. digestives, diuretics, dopaminergics,
electrodyies, emetics, expectorants, hasmostatic drugs, hormones, hormone replacement
therapy drogs, hypnotics, hypoglycemic drugs, invnunosuppressants, impotence drugs,
faxatives, lipid regulators, mucolviies, muscle relaxants, non-steroidal anti-inflammatories,
nutraceuticals, pain relievers, parasy mpatlncolyvtics, parasy mpatluconumetics, prostaglading,

psvchostimulants, psychotropics, sedatives, sex steroids, spasmolytics, steroids, stinudants,

i



agents, antiviral agents, anxiolytics, sedatives,

astringents, beta-adrenergic receptor blocking drugs,
w@onrnesss nedi a corti costeroi ds, cough suppr esBEmUS2007/063785

di agnostic agents, diagnostic inmagi ng agents,

dopam nergi cs, haenostatics, immnol ogical agents,

l'ipid regulating agents, nuscle rel axants,

par asynpat hom neti cs parathyroid cal citonin,

ost agl andi ns, radi o pharnmaceuticals, sex hornones,
sul&ﬁ{upu:ia} p\e}a@‘i}gg(&ggﬁts§x71§§tﬁmgmlamilg» &¥ rﬁpﬁi@q«wmtm the g,onnnmzcs
ag ent vasodi | at or andH%ant

et teEe SPIE PRE THOSRIRY Fopr s e
00BN Stk 20, RA oL LL AL NS AL SAEAIH A A paricles

i nhal ation adm ni stration a oug h I's concel vabl'e
desb@hédih%ze@i dars ﬂ@:ﬁlﬁ@ﬁﬁ;g@@cﬁc@ﬁﬂw&ﬂﬁﬂl, sﬁhmqmmiabmdmug
substances can be sel ected from any pharmaceutica
au@ﬂgﬁmL@ﬁaeammeﬂémdhpma@um$bﬁk¢bnb@wdehﬁcdmhﬁwh@t%@m
of thefe classes of drugs and ? |isting of speC|es
i)hW"t‘%“n‘ Ip aeeRpiah! a%“&‘“anldbtéd‘f“ba" B #’Hj’éf“&i“h\’]é‘?%g‘k or orgl
adr}\}B fauclmn S(N?J o%thegdtéorm or recgd 0 sl W};'d%oh an%?rﬁ éb 1»;-, Y

phidr RGQLROK alRths B¥nd §T&S ?rﬂf:;ﬁz dn'?ué &s@[’ u?ﬂtd;é ahy ;J‘llg;h@l ﬂfj Hégxduw
subst ances are conmmercially avail abl e and/ or can

hnmf@maiemnhmnhmﬁhnpmmﬁ&vkmommzgnmﬂhmuart [ 0091 f As
used herein, the terns crystallization and/or

[008fleci pi tiaeif Stovi ipchgaeleanipy e rod bIngty defcriphodefanailgpds to

part fromfluids: including, but not limted to.
i K bBRS kit Sors B o

aeshystal Id £ tion: tenperature dependen t
E}} g taIHT%Q%E@E#%&@ClpP%gtlon "salting out '

gamwst al [Nt dc0hPN 86 Wik alallOR; orRidrdepRNteNhE AT Hl GRSl
‘cooling driven cry stall i/aiion/preci pilation;

repoxsggtdal KD atadeinhpledsilpy ¥atidnl. bised!l gponbec henttoahium treated
and/ or physical reactions, etc. [0092] As used herein,
and the agiahng P‘éph-é‘f HitkeRH# bR FREI IR SN Igh ylen@%lap*e Gharged with

d | bi
anigRaR a1 1 6 BB By PR S P BT oo
diahEQM B PicO QAL EAL SRKKGEm i REEXBIRESnic BhaRibRE SN @ramic
peptide, a vaccine, a nucleic acid an | nunogl obulin a

apipelrys@cehasdeds Naath inpr 9Bdatll @agdhantd axb bREb ARy 500 grams
ani ral extract, a reconbi nant pr otein an enzyms or
\d@m Thebeliaon smttmem@\fuk 1@&@@&93" 2 uagoms didnpler eivariallhexg erhgdeads
solvqgt" and |-solvent denote, respectiv

for g BRSO e SHoRM Sl sy CRo e S SaB LRt (G g ishly
polgs_)a;.dsz%d a?tgx’nal%nﬂogucmll H\ %()%'Eicﬂkgaﬂ'{ées the

[0099] Particle surface area was analyzed using BET mullipomt analvsison a
GEMINI 2360 (Manufactured by Micromentics® Instrument Corporation Inc., Noreross.
Georgilay, unless mentioned otherwise.

{00100} Micrographs of the particles were taken on an oplical nicroscope.
Micrographs are of the crvstallization slurry at the end of arvstallization, unless otherwise

noted.



desired substance to crystalli/.el/precipitate or fal
out of solution. [0094{ The process and apparatus of

w0 b@7po@sent i nvention can be utilized to crysPel/UB207/663785
wi de variety of pharmaceutical substances. The water
sol ubl e and wat er insol uble pharnmaceutical substances
that can be crystallized according to the present
i nvention include, but are not Iimted to, anabolic
steroids, anal eptics, anal gesics, anesthetics,

[003ptlaci dgihe amticksie ﬁytfib@u@mh beudy et s snalaueeliubipp faserdicht

dn@%{nlorgg Iy ﬁggg &é?rt%gﬁjég) ik ﬁ{)}g Sliiga{]qt \Iaxi(\: g{){gq? wﬁ coms)’) machine
i Qtﬂ'l}ﬁi kL ﬁlﬁﬁﬂe Sp he@‘ﬁhé uﬁﬂﬁ*‘ié £ ARG Hu;ﬁr%dl \?iﬁiti ﬁéna&q fwhere a

ung a s an I'mnt1cs anti herorr Hoi d
stu@bi lls\u&a AMIAGSor tRNIrbORE 1BRE Fomanhishyipat {Bxﬁ@)‘éﬂld\/{%&nzﬁ} zed,
anti hypertensives, antiinflamatories,
Staptwrd reolsearek Hiresaly et émpegtidelingtht adikiopl ddecithiogo the Isopar G&
anti-obesity drugs, an |i plaque agents
CL‘“&\th”& thdIQ‘o%ﬂf’g"m’éZHf‘i peiretidt i cs. anti septi cs,
am -spasnotics, anti-thronbi cs, antitussives, anth
F\@@ﬁglranxiolytics astringensts, bet a- adr energi c
receptor bl ocking drugs, bile acids, breath fresheners
[00p#Bnchodpampdt Yt i ¢ drugs, bronchodiiators. cal cium

0B costarinne X LSRRI ol agnost 1 cs T e
mﬁ‘?{r);geSt | Vi§%s se 9!_&{{ eLihSRnc ﬁ%@ﬂ aﬁ%,gldg‘gm&ﬁp,t{ Cp&)yﬁ @?ﬂ creato s

S, expectorants,

high OkAARB Greh @@éra@&dmtmédmmm A UgSotteby BNRLHiES ihe amounts of
“hypogl ycem ¢ drugs, imunosuppressants, | npotence

midto-ugs, nth@xatdideesy civiipiiditioe guprator émairmmbswtml egjabirssdice
rel axants, non-steroidal antiinflanmmtories
arep gtk ISR Ssal 191 sykich ﬁ‘r?é Pf &g EF%I P“{%fﬁ@ﬁ/ FRTARRETP L inE Bed

mdgg)}lc h%ﬁ? §B Hra ﬂEtégagg\ésaT \)g«gl § xg@&h L8, lg‘iug}éﬁ'y gdgglé}%wippp gm‘u al
addBh &5 9:1 i@@ micth Lsé@d'qﬁ@ﬂrﬁl 184 anfl ?H@r b @ﬁftn%}’ﬂpﬁk'}{ Gakad é'{ﬁ%u ease

sunpat hi com netics, synpa hom neti'cs yreom meti cs.

thetshyfce @t at the réings prods@diThadmits) verd LANKIAS) to XAaRE Biva@Sixation.
and m xtures thereof. [009S] Pharnmaceuti cal

[06¢@riposi theomsling eigrainpgingdol t hi s i nvention incl ude the
particles desc:{| bed her phar maceuti cal |

1003086 pt ali W RCERS %éwb IR B PACEUR RO L beleen 1-
i i)ﬁ’ﬁn x?(BE’I%p |4$_ 4Qa5r51r0' gurr? M‘((?'?\I\)U(}kﬂ%w Hth?fO‘i Qf??c‘&) \:‘:Tlff 1}@/3 x%q
maﬂzs\emﬁ&b@ h%,aﬁ!‘ﬂﬁm%hm@ddu PR RS oOhe Mﬁmlsﬂ \e@ vf Dy
parenteral injection, for oral admnistration i n solid
{00007} i qU|‘dxmnqgmnwlfcm—smédﬁadammmm—n.ﬁt| on, a the |ike.
[ﬁﬁ-{gae} On Day 0, the disc mull contamning 1 mm yitviom stabilized zircomum oxide
heads was flushed with 38 % n-heptane and 30% toluene and the contents of the null were
displaced for disposal by awr via a positive displacerent pumip. To a vessel connected to the
mill, 60 grams of Compound A and 1066 grams of 38 38 tolueng: heplane by weight was
charged. The nuxture was agitated in the oull holding tank at a temperature of 35 €. The

mixture was then recveled through the mill at a rate of 900 ml/mun for 60 minutes. During

this time, the nall was on at a tip speed of 6.8 més. The tank shurry was sampled at 20, 40,



phar maceuti cal conpositions of this invention are

useful in oral and parenteral including intravenous
w@adimnoeEss ati on applications but this is not |PoT/UB29G7/063785

(0096| The follow ng exanples provide a non limting

description of nethods to exercise | he MMC process of

the present invention [009?] For the follow ng

exanpl es: [009S] M cro-seed particles were made by one

of two mlls: "He 600 mM disc rail! esen_tedaKDL
sndfggBinuiel @é,obynwwm M){qu:xa 'bﬁ ERFFPPG hgﬁ«g o npages the shurry

{ t.ed d t t di t
PR SE BT U G e HE M P0G ahF e g ¢ harof
mi@PREQX] JWR?A&M%;%QQI} gﬁﬁlggé cﬁfiab)f g&:&b“%?@fﬁ%é ﬂhg @Qlcemx dt]gl)_!‘l'!] of the

zi rconi um oxi de round ads o uni T orm di anet
mick®Ledinbt @gotval athoMiBh bdRingthé filidrReleudad a,@mﬁﬁ{\%ﬁhﬁat}“ C.
chanber and a ceranic agitator and was made by Netzsch
Thik nelue Fhercppddd fabe bivaro eckdwhirbinap Fhosisirat @byo500Hgr age
of yttriumstabilized zi rcom um oxj de be ds of, a

NGB AT ERECLP SRt Bab Raheryand b (BB8ad T4 t hese
l's b stone ; : | nc. , Wncot e,
[ﬁﬁgbér]ns }N\s(na'ﬁ“tpﬁ Q"Sqé\r g‘ i'ghly polished and originally

jpoRigducedy Ryied, M1 PR v Sy Ql(’i@@«%gjﬂ‘s P@feﬁieﬁﬁﬁneﬁ% face

area was anal yzed using BET nultipoint anal ysis on
1) GEMiNbIv23G0onipvanw Ade taiead syhebtans amesh fdngelanlrassalungint s
Corporation Inc., Norcross. Ceorgia), unless nentioned
visertieton sdution @OPEDRedNA dridgd épﬁ@ﬂloﬁh‘nmﬂ} part| cles were
on optical. mcro are of the
SRR A A R R R
R :Rﬁ%ﬂf&%{ﬂﬁfe% @@ lpﬁé?éngg of 191%&(99@&& «Jc[‘f?dd %Mi f&h SofShA ‘?u.lded with
str|6 lon o e was ana usi ng
Iﬂlkg,mwdgg,a gagtion in a HELOS OASIS. (SYI\/PATEC th
(http:/LvwLv. synpat ec. con’)) nachi ne unl ess ot herw se
3) Redied n-hifensia periBRCH at@rdis: Al S0ore Gl dARR AntiotBnid The charges
slurry eel! where a siupy of mlled material or the
prapduede ekus 4 jo Friowr tme spps talitingaatens A0 ovulic Hetveen additions;
anal yzed. Standard techniques for analysis were used
iR udi ng the addition of lecithin to the |Isopar G

4) i 1[11“1n md u adf ngﬂ ﬁu(‘éu J?Sm @iPzPrx \&C;I%tsp‘gms; dmouxph SPTtILmeL {approximately

2-10 cake volumes) before diving at 60% C to obtain a dry cake suitable for analvsis of
surface area {post-processing).

{0111} The procedure and output is described m Table 1.



EXAMPLES | OO O2f Exanple I (00 !0 j Conpound A Cox

i nhibitor [00104] This series of sem -batch
wa@eoostied7bs zat i ons denonstrate the ability to cPERUS2087/063785

hi gh surface area mcro- seed by nedia mlling and {he

effects of varying the anmobunts of m cro-seed

i ntroduced during crystallization to produce final

products of variable surface area and particle size.

The surface area of the final product is conparable o

| et { r

i ot BB R s BlipRiul Wi LR AR S

to t he a&*i’"o#seed af i er, fgllln,g ;@nd prior to the
cryst al kZat PIoce sar FEaSeat e slg f ace area
of the wQSEWFant product59 The affti-sol vent was added
to causenbiystal lizatiofy [00 168 Jet mlling of
Compound A [ 00106] Conpound A was Jet nilled using a
typi cal ‘eondPt#en rangifid bet weeh 1% i nozzl es,

43- 45 psiGaisel.ar essure,ssand 7000- 250680« pm.f or an

IGEAFG_|et mll of Hosakawa M cron, Inc. The resultant
surface 2&'&d of the matéri al 2 E“ﬁgﬁg [ 00 !07]
M I 1ing aghiold cro-seed fai E es 1A LELG0108] On Day

0, the dégier4m || contai vizng | mﬁﬁytwhwaw1stablllzed
zi r coni Ufi"8Xi de beads was fl ush&d wi*fH*B80 % n- hept ane
and 50%stl-denesat.tlt he igontents of «the m il were
di spl aced for disposa! by air via a positive
Seqffl ls\gﬂu ae adhdepoirhe Morograpl seradspagigde Feample | Bhébaichle bar
) irans of Conpound A and 1066 grans of 50; 50
‘@W%@E%ﬂém“heptane by wei ght was charged. The nixture
mn\mﬁ agl tc@k%@k:u@u&m ¢Tibl aiplidli ng tank at a tenperature
he m xture was then recycled through the
mﬁm W at laserca«tdeseaés dhawhdsrmard amdefediononas theDusit peedduirsof
time the mll was on at a tip speed of 6 8 rn/s. The
Exgrafis Sl B,\)agcxgﬁml@dolmnl 205 copOawdksly rddagtcagr Ylohours

e Sb e o b 4B A B grage o Pﬁv"af#%fdc%g\ added
10 t& QB (]g LLQ:&KR:%\ Gota I%E ﬁﬂhl/d%qkp %Fm&%gmgrz o lﬂp }5 gqﬁu%%lA 1E, the

m cro-seed sluma on a sint ere
nmf»%ﬂﬁ%hrﬁc@m}@ SRR N- N eSO ARSI ok i:@8dalh lHehﬁcroﬁseed shurry from
nj cro-seed not dissoh ed in solution by dr> ing the
thefrddisetilidaloes mdddion tatwdeich\ Tenaddtiiod oOhe non-tonic or iome surface
active agents enhanced the resultant surface area of the product obtained from those

crystailizations as set forth in Table 2.
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This Lalue \ as reported for the basts of seed

charging. The surface area of the filter cake after
waledo7amges neasured by standard BF Ti sot her m aPdr/iszondo63785

to be 3 4 nv' g [00109] Crystallizations iAmd IB

[001 101 series of batch anti-soh ent en stal h/ations

ere perforned by }) dissohing Conpound A in tol uene

and heptane at roomtenperature resulting in a \is

imh clear solution a outlined in Tab'e 1 ("nrtial

haL 9e f}m-sc?ll @P\mﬁﬁhﬁmﬁa‘?%gﬁ bk b ﬂn@@&#ﬂ%m%né&xﬂ&{xﬁ an®§ dlow
sturn from g Tﬂﬁn 'n%u?{ (3ol ik g#ﬁveaa Eifts

crystal lization due presence of m ¢ro- seed and
addi t70Haf anti-soh eﬁt addgi;jfmvm th.fhe,nicro-seed slum
, 1) ti rJEJizdtion cQtrsQnCEmnihng

st ai |’f|“'2‘a‘l"*’1”@ﬂ"dEISI ng th’*}ﬁs ani i ¥oh ent 26Thes charges were
made Q¥ &hea 4 to 1 HBur ting span Waitihg at |east M
mnutes b een additi ons, and 4) filtering and washing
t he r@%@hq&‘&”ﬁ'ﬁn siurn v§1 I h spati ng angrunt swwp?”ﬁﬁ@pt ane

iy

(apptBxj mateh 2- 1() Cake \ o] umes) “bef of St wingaat (
C to tebkaicmia dry cake suitabl e foroignahs sgits: w@fsesd

sur f dEE“ERA'(post - processi ng). [00F 11)™H1Eespreseedur e
and QM Rulisohsy described in Table 1See Figurgme which
depi ctrg=tbhesaincr ogr aph correspondi ng' o Bxampl e 1 B. The
scal I resents i, o urn,, | 001 121
Crysfsgrgﬁlwzcgaf%opﬁg%c ID and IE [OOll%Bf Agsecond
series of batches were conducted follow ng the basic
0opiHcedurtfeaptpleanpl es | A and B uhere the anti-sol vent

was contj nuous!} .12 hours <Exanples 1C 1E)
“}‘“?‘P!Exanﬁl”é“ll"lﬁ“f‘h\e d(o%d]c!? %’ct ant lecithin oil (food

[ﬁﬁgfﬁad \Dﬁll S gie e(q £9n Atl dﬁﬂ%ﬂﬁ{t%&%ﬁ%%ﬁ&l&# Xxinf f}%}hﬁ fe

chaldBterki@ OB élﬂkﬁiﬁceéi %E;Mk)@mnem daaiivEs sudlPf 4 mﬁbe&HEz an ionic
Al drich) was added to the micro-seed slumfromi he

surfredhiaraid ded bahoneradddivanntlbing hecdsat The supplemaddialdione was
of the non-sonic or ionsc surface active agents
addef Fﬁa‘ﬁé aucrpaeedsbgly| figntd sy Paee tabeansillizNeongredeicesulting in a

btai ned.fro
bmi?lar iﬂU"f}dbp i Proc uctt surlc"aae area as shown in Example 1D and 1E above. In addition,

samples of the slurry were taken at 135 and 64 minutes (o demonstrate that the milling time
can be changed as needed to afford material after crvstathization of different surface area
Apain, the surface area is comparable to that of jet milled material, but is produced directly

by the process of the present invention.

[00117} Milling of Micre-seed for Example 24 and 2B
00118} On Day 0, the disc mull contamning 1 mm yitvium stabilized zircomum oxide

heads was flushed with 50% n-heplane and 30% toluene and the contents of the mill were
displaced for disposal by awr from a posttive displacement pamp. Sixty grams of Compound
A and 1083 grams of 50:530 toluene:heplane by weight were charged 10 a vessel connected to
the null. A total of 10 grams of Triton X-100 was also added.  The ouxtare was agitated in

the mill holding tank at a temperature of 21°C and the nuxture was then recycled through the



crystallisations as set forth in Table 2. Table 2:
Anti-solvent crystallization using mcro-seed froma
wore@i7aogtss ! and slow addition -with or w thout PEYUBEINT063785
active agents Exanple # 1C 1D | E D "lecithin" "tpton
X-100" tome to crystallization 3 4 4 days snt mlling
India!' pe uci solids 36 3 S36 g lnitial toluene 32
32 32 9 Initial n-iieptane 1 7 1 7 1 8 9 ed cortc an't
rt 323 3.2 vwt%S solids bed 2 322 23g9gJuy
fmlF éc’ll “t“ﬁli‘h 2] plf '2"1210@6%@!‘WMS oRutipg Wisdenethe pg I awn 11@(9‘? speed of

o S0t B! BB SEE I HEY Pt B voRen e B T fortim
{, AR 0t ARE: Ak SOL MSRi03008 sthrrd whs Backaged int
the n%ih‘ﬂ K%%urbf gﬁgzés@%;?t% \fr?x.g d’ugﬁn&g t@ﬁ‘i&hﬂ _1%1@5%1 ] 8«%&5 %iuf\dued mio
ula@ﬁ@z%r&}ke (001, \Jp'énjon(&@mun@hcﬁa CeR¥ sturrl Ak Bitéred of 03 whbfilter
Ti series of exanples denonstrate that phssical slurrs
[unhelnd Bétergnighiae actcerniagti oisheaidiesedhantisdived pplobirent Ehe Hilter

addi t hes such as anon-ionic or an ionic surfactant are
wkad‘@éaﬂw £ “MTB¥O“%’Q%‘6 Ow&— 2P RGP BE dakihphried in a

cl(,é},ll %\S TTEQF % ﬁ?g LGH(ULS dli ¥78) Lh h,q%ig oﬁEHLy‘s l)ﬁrq gS S% Hh ‘ae‘e’\eng ll Witks,

auon proces
Thik %&%ﬁﬁ“ﬁ‘ﬁn '\\QQ ﬁuﬁ‘n@‘nkl@lﬂ *;I()QQ{ §1 qu{éfc%%%tm&w 51@%@5&5 SRry

as shown JPExanpl e and a}ove In addition, sanples
of BPfantphel shu&nmrmkalmﬂmmﬁ whbn@needdutthp tieesilitng process. This

denonstrate that the mlling tinme can be changed as
difigeeaerogin b 28 Fubgddo mesthuedd b sigd faskes dr (s trilbg axsiesh e surface

di nt surface. area
area 0\1 lg I" ter cake after deving was measured by slandard BET isothenn and found 1o be

390m .rg
{00119} Milling of Micro-seed for Examples 2C and 2D
{00120} On Day 0, the disc null contaming | mm vitrium stabilized zirconium oxide

beads was flushed with a 0% n-heptane and 50% toluene and the contents of the mull were
displaced for disposal by air from a positive displacement pump. Sixty grams of Compound
A and 1074 grams of 530:30 toluena-heptane by weight were charged to a vessel connected to
the mull. A lotal of 125 grams of lecithin oif was also added.  The mixture was agitated in
the null holding tank at a temperature of 20°C, The mixture was then recveled through the
mill at a rate of 900 ml/min for 60 minwtes. The temperature of the outlet of the mill was
217C. During thus time, the null was on at a tip speed of 6.8 mfs. A small portion of the tank
sturry was sampled at 15, 3¢ and 43 minutes to contirm the nuiling process by nucroscopy.
After 60 minutes of milling, the shury was packaged mto glass jars for use later. A portion of
a jar of nucro-seed slurry was fillerad on a 0.2 um filter finnel to determine the concentration
of the micro-seed not dissolved in solution. The filter cake was washed with spanng amounts
of the anfi-solvent heptane and then dried in a vacuum oven at 60°C. The concentration of
the micro-seed slurry as solids was 4.8 wi%. This concentration was approximalely 50%

higher than the corresponding micro-seed slurry of Example 1 where an ionic surfactant was

e



Agatn. the surface area i conparable to thai of jet
mlled a erial but i produced direci K by the process
wo@toorhes7ps esent i nvention. (00 1173 MIting of PGA/TS2007/063785
ro-seed for E e 2A and 2B [001181 > e disc m |
containing i mm>ttriuni stabilized zirconi um oxi de
beads as flushed with 50% n- hept ane and 50% t ol uene
and the contents of the mlIl were displaced for
sposal by air froma positix e displacenent punp
no@pg@{)

durige gwgm@jﬂw@@q@@u fénsAliinence c@ byradiwbuigd tog“@dxggd phx sical

har ed tg a
st HhBE e 5 e ThersTack ea PRl s Bk Ay Rimspsted by
. L hi R xture as agitated in ihe
m&{?ﬁ ﬁl’ﬁT%ﬁ{h@:‘:ﬁ&gﬁgﬁgﬁn gIt gﬁ%ﬂer ature of 2 1 and the
;aatmqture(asmhiem&:emclzsﬁm hiqueh them |1 at a rale of
900 m/nmini for 60 mnutes. During this tine the ml|
Eﬁﬁaw at &\ sdnps sipeadl wf-s@y@t plsstallimgmabkeperivingd bof t he
ank sl um as. sanpl ed a 15 30 and 45 nut e
f""ééﬂfl rm*he H%SNIT’H% B‘PB‘(’:‘&‘QS" ’89"'H’?‘Er‘8§?815‘§)“ i?‘the'fv‘s“@@d na
the . slrubrr was packaged into gl ass

g ¥
\lbU zl\ Lh.flr w?uuon( ml%hgl cha b%é?t e Of aj ar of nmicro-seed

7) 31({%{[‘1"( X N Vg%i lﬁ& a!ngﬁ{t%g I] ‘QO—QGEQ Sﬁili L?h OV ﬁtlg r]”alf) gnq‘g!ﬁ atdgme morg

&"goncentration o nm cro-see
d\kﬁ&@lxc\/ﬁdodl@»Lﬁ&LMﬁﬂ[@ﬂu rig®-did.t er cake was vvashed i h
sparing anounts of the anti-solvent heptane and then

3) chddhegl nibaptanava e gurinovemaato OrConTihb-gmncent rat i on of
| he mcro-seed slurry as solids was 4.1 ww% This

4 ddweenndaraons besesappr e‘%m&*@ﬁyoé@%wghem Phisgtapp before

d
PR O € i R e T B R R PSSR ng
ThP z@s&%ﬁﬁ: anﬂ“u wdh [ks@rr} ﬂ‘%? IQF\@ 3be attributed to reduced

physi cal es iIn I ng system The surface
oared of the fhuﬁrmgaksem,ém,er Arying, vas.easur ed by
imb & andiekich BET T SOBNer m anc T ound to De 396N Vv Fd0diing
‘T"’TQ“T Meftdng of m Cro- seé‘d f Exanpl es 2 afid 2|mtes

g

b AAl28™on Day 03; the dig¢ mill cgntaining mmyttrium
tmxertnabtauhel zed zircomi um oxi de beads was flustved wth a
29 htratpIgrepf ane ang 50% t ol uene and .t he conf entsv}gamllye
S T Were displafed for dksposal 2By air f1:0m & e

sapesiitdive di spl acement punp. Sixtyz2grans of: Conpoumditpesd

T 4} . 1 with sead
namma@eig?& r al ns pﬁf 50 50 Ol uene gepf ane "Qy \Aéjiﬂgset fds to product
wer e char ged to a vessel connecte to
cystallization temparature 25 25 27 27 b of adidition
thmie for antisolvent 12 12 12 12 hrs of addition
amount of antisalvent 30 303 30 30 g heptans
Surface area of dry product 20 2.2 1.7 22 m2ig
{00124} Example 3
[00125] Compound B = Cox Il Inhibiter
00126} This series of examples demonstrate the ability to replace pin mutling for a

compound kaown to exhibit “meltback™ The form of the crvstal is controlled throughout the
process even though four other possible crystalline forms of Compound B are known. The
crvstallizations were performed at elevated temperature. This example demonstrates that the

surface avea can be controlied by the addition of different levels of micro~-seed.

20,



the mll. A total of 125 grans of lecithin oil was
al so added. The m xture was agitated in the mill
whoeloditegyeg ank at a tenperature of 20 C. The ni RECTUS200A863785
then recycled through the mill a a rate of 00 inl/mn
for 60 m nutes. The tenperature of the outlet of the
mll was 2 1"C. During this ti e the mll was on at a
tip speed of 6 8 nls. A snmall portion of the tank
slum was sanpled at 15, 30 and 45 minutes to confirm
[06¢ BE rri | Hiigy mpilling eESompomdcBoscopy . After 60 ninut es of
0o | 30 S Y B BB 2 Bl i s
for fdh \thﬁﬁc%db@g 1&h 191 12(“‘65 ﬁn{xh)l "Elﬂ ué‘huﬁﬁﬁ ;}15&59&};@5‘6&”@% tﬁ?s
concentration of the mcro-seed not ed I'n
corfthiid sQificding rfululcﬁ;e fo tﬁakﬁ» malsnyased W dofpSRAYN I nitrogen at
am)unts of the anti-solvent heptane and then dried in
0" Candal@Uiiihvd semdat! caige CeTive noongents mpglicdms @iaintrhm of the mill
m cro-seed slunj as solids was 4.8 wi %
du%r?é@m%ﬂpirf«m{)afswﬁemlas(ltﬁmew 7 Hﬁ»g%éifn“tnﬁ‘aﬁ of fhe

cont %rﬁara gs&omdl 8 nrp}t 8{)&(31 PR (amul R d?( ol \iépExﬂ‘\ ¢Tes ull{'mt I%ur?aae afed of the

Sur't snot use
m{glglc\eagewﬁl;h;ﬁs dlfference can be attributed to reduced
physical losses i the mlIling sy& eni The surface area
{000f9t he NI ofdiceo-adet] dor Kiinipig 34 angaBur ed h\ st andard
BET i sothermand found to be 5,3 n2 g [001 1i _
[00EH8ist al 1w M@ P mlﬂB@’nf‘zl@ﬂ“dndﬂ‘ie'ﬁ[‘lem stpihiepd geoanies ayfde

at ch ent cr i ti.ons ere r.forped
bwg x\f]b%mg%g mh “'ﬁjm &\ﬁggl&w‘vf iw{? Hl&;%‘axd A*’%%’E}rlbé‘ﬁg‘%ﬂ werg

GISQS&H "i’{;\ethﬁé‘}u&ﬁ gxr élg gld Inﬁ'te@axg('e ﬁé}kﬁ&%@lﬁﬁﬁ& %@ \éix; g%ﬂﬁs !o?g, mg] pound

B oAU o Qs 80 0F 0r5108k 1RhidR RSw SRR ﬂm}raﬁ ha Fesadl b@inected to
addi ng' nore non-ionic or ionic surfactant to the

themmtr dhsmedure 3)ps addiadgn e bephaldmgainkat ¢ npertiotist 358¢ end the
to afford en stalh/attoo, 4) filtering and washing the
mw‘e’é e ﬁht‘ f%l-‘ eled Prapsh Fhemifigt Fﬂd“c‘ék’é}“ \’/‘BI“UH&’ *’81““‘%‘1‘61%& aging

ﬁn% t xge {l)xf; nglu RS %xg'uéﬂ t%) gpfeé\ogﬁqi pr? & ngesteﬁlayx muﬁ gd ezlzﬁli cﬁﬁﬁlpras
25" % (leml?%tm%m%%\ B 0% ad damb RBIPI £ 96 uﬁcanSL%@llmIn%n{' i the

series o exanpl es dermnstrate the ability to replace
milfing pliobdsk BYrfi@bscapy. After 60 minutes of milling in total the slurry was packaged

o glags jars for use later. From one jar of macro-seed shurry, 122.8 ¢ was fillered on a filter
funnel and the filter cake was washed with sparing amounts of the anti-solvent hepltane. A
fotal of 9.7 grars of wet cake was collecled. This was theo dred n a vacuum oven at 60°C.
The surface area of the filter cake after drving was measured by standard BET isotherm and

~ - T,
found to be 3.7 m®/g.

[HI131] Crystallizations 3A and 3B
00132} A senes of batch anti-solvent erystatlizations were performed by
[00133] 1) dissolving Compound B in toluene and heptane at 30°C in an 53¢ md

agitated vessel which resalted in a visually clear solutron, denoted as the “initial”™ charges in

Table 4,
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conmpound known to exhibit neitback” . The form of the
a stal is controlled throughout the process exen
wo b@aghe7sout ot her possi bl e CLstalline forns 0PCT/US2007/063785
Compound B are known The crv staJdh/alions were
performed at ele ated tenperaiure. This exanple
denonstrates that the surface area can be controlled
bv the addition of different |evels of mcro-seed| 001
27 f Pinillin of Conmpound B (00!28] Conpound B was
) Ridémgni kipeedicfl omophaf macewtadchiry Use bisimiging yipp shich initiated the
conditions for an Alpine(r) UPZI 60 mll Bosaka E&‘%‘FH
ﬁdl%!ﬁwnadtﬁ.i@we ;Sfeé@'é% st mitG-geAnd wwmq*rﬁng seoRPatg with
ﬁs mmm_% {l{llt to null due to the Iow nelting point of
t'he nﬁb nH ‘("ol d nitrogen at O and 40 SCFM (standard
3) Cxﬂ&lgnfhgﬁtmeﬁﬁrzc&hﬁ%&)rm‘é@?a%@U\@Qh@%mﬁ pin rinse of
m 11 during processing to kéep the processing
4) tf ﬂ!ﬁﬂﬁf it wielbediow iheomBgengurpand vagfing Wigh £ anpowleyolumes
M11ing was not possible w thout this extra step. The
roédeiargrbeiosads e @t fa} €do olftain hetryreske firahalvasoBudagearayg.
00 J29 1 MIlin I\{Icro seed for Exanple 3A and 3B
{ G*‘{%‘E‘je%@ﬂ&y“é) “P‘Iﬁ‘ér df dablg# | containing 1 nm
yttriukestabi h/ ed zi rc@ﬂl um oxi @e“beads was Hushed

the m nl!mgWo&eﬂls!Stpl aced gﬁor d| sp@sal yufeaT r wgr om a
p05|t|\w@*ﬁd>|dts*p4>"aicenent pdAp. Si xt4p grams of Conpound B
and 1088, 8E%ns of 50: 500l uene: flept afle by weight were

charged to a vessel connected to the ni II The m xture
was agFe?dat ed |n U e mI°F hol di rng t anksy
inal seed i v't% s gt

t enper ACUT 861" 25 C and*fhe mixtlre wis ‘f“‘ﬁ“’r’i"“r ecvcl ed
t hr oughustih@emiarkdanat a rate of OWsomd /nmen for 60
m nut e%‘:‘:*"g]é t"ﬁ th| s tinfg the m[l wal®divat a tf
speed Of .8 NI The terrper aturé of tHE R Il outl et
was ZSSL@acea@easmbrbducportl oa of thettankmsd urry was
sanpled at 15, 30 and 45 mnutes to confirmthe
[60ad4{l | ng Fwoe Ebs abyicwizaplosCibpyucrddtidng 60rmonlteplodB atter 0.5
nulling in total the slurry was packaged into gl ass
nm} uip T FesFclg g lipgt apurErd dm "b"ﬁSéI ‘]”éﬁ’h &f ﬂ}mnép@ ;gzg@g agqx B rof §£::xample

sw ofi Bomolieo e Radled " Wheir Lab Flig HABCH & B € Rgne s
of ﬁ.nfni i HOLVE @I} nﬂﬁﬁ%@)@?‘?m Achillipl BkyR14 ggﬁxégﬁ}e%m‘%ﬁph
cak e was collected This was then dried in a vacuim
coragdale 160 GniinBodiudl {IaE ervatiBiaaieh of Rearfijlé BRI Thadcale dhit er
dryi ng was neasured by standard BET i sot herm and
reprasents 10 um

00135} Example 4
0136} Compoeuwnd C = BKI1 antagonist
{00137} Thas series of examples demonstrates that multiple pharmaceutical classes can

be accontmodated using the methods of the present invention. 1t also demonstrates that the
surface area of the final product can be controlied by using different sive micro~-seed. The
micro-seed size can be altered using different amounts of milhing time. The seed particles
generated by the mitling siep in this example are above | um in size. Compound C has a fow

melting point and the MMC process is usefud to avord “meltback” during dey nulling. Cold



found to be 5.7 m/g. [00131J Crystallizations A and
3B | OO 32f A series of batch anti-sol vent

wa@eoostied7bs zat i ons were perforned by (!33] 1) dPGHUB20TION3785
Compound B in toluene and heptane at 5(FC in an 50 |
agitated vessel which resulted in a visually clear
sol ution denoted as the "initial " charges in Tabl e4,

2) adding a specified anobunt of mcro-seed slurry from
~the mlling step which initiated the crystallization
nitigga Pt Phap )é)qecé aehia rgfe ohther oo sUby caplde ayling ¢ saaificant quantity
anti-sol vent added with the mcro-seed shirr : 3)
of ﬂg n-hepl ane a a continuous rate to afford cry

Eﬁﬁiﬁﬂ' L Zafigl uﬁhmfé-kéeﬁff 1r@xitnﬂﬁe 4&% t@ant slurry at

oom enpera ure and to 10 cake vol unes
;mﬁg;hept anenhed gl @Erlwi rtﬁnta&hﬁ@@ r@nt}@rlﬁﬁtsﬁﬂbﬂszéd Argnicakside
for analysis of surface area. The procedure and out put
bedds wdeBahiedetdh Pt Tdishendand Balrple: ¥ 8A¢!B8nd De't0n@8s of the
Wwow "10 w9 tine to crystal! at'n 1 1 ay i mlling
i %.dﬁ@lwwf éﬂﬁp%@éw iy W‘@@‘G@’ﬁiﬂﬁhﬁ?‘é’é PYIAR  }igyy srams of

Cog)*nﬁoxfnq <11§1010#j Tranis 8 %U 80 @’I%Q‘Sﬁ‘??pﬁ“% i m 1»\ u"z S &arq‘gﬁy% 10 a vessel

tan
corR@ENRlmSeed T‘h@\ﬁ%{m@a hs K0 ¥ &P/ﬁl %Qal ;hﬂ%lo;cﬁ’n;ﬂﬁ:%dﬂ Gliemperature of
crystalllzatlonterrperature 50 I me

}QﬂhhﬂﬁﬁhﬁﬁnﬁnﬁghﬂuhﬁSnwﬁi&ddﬁt&@ﬂnﬁﬁﬁ“ﬁ&x@@&ﬁ@thﬁﬂmvamt

30 40 g heptane Surface area of dry product 0.6 1. 1
nmn@qu During this time the null was on at a tip speed of 0.8 m/'s. The temperature of the
mill owtlet was 20°C. A small portion of the tank slurry was sampled at 0, 15, 30 and 45
minues to confirm the mifling process by microscopy. After 60 minutes of nulling in lotal,
the shurry was packaged into glass jars for use later. The sluny samples were analyzed on the
SYMPATEC® light diffraction wet cell analvzer using lecithin and 120 seconds of
sonication m ISOPAR GR. Figures 24 and 25 demovnstrate the particle size distribution of
the micro-sead. For the nucro-seed milled 15 minutes, the mean particle size by volume s
3.9 um and 95% of the particles by volume are tess than 9.8 um. For the micro~-seed milled
60 minutes, the mean particle size by volume is 2.35 um and 95% of the particles by voluyme
are less than 3.2 wmindicating a sharper particle size distribution using nucro-seed milled
fonger. A portion of the micro-seed sturry from 13 minutes and 60 minutes of nulling was
fillered and washed with beptane and dried at 60° C as 1w the previous examples, Afler
drying the surface area of the filter cakes was measured by standard BET isotherm and found
to be 4.6 m2{g for 13 minutes of nulling and 6.6 m3fy for 60 munutes of milling. This data
demonstrates that micro-seed size and surface area can be controlied by process parameters.
[00140] Crystallizations 4A and 48

00141} Two batch anti-solvent crvsiallizations were performed by



[00J34J Figure 11 is a mcrograph of the mcro-mlling
slurry of Exanple 3B after 0.5 m nutes of recycle
worRoozitegg68 Fi gure 12 s a micrograph of the m crBeTUB100TI063785
siup> of Exanple 3B after 15 m nutes of recycle m | Hng
Figure 13 is a mcrograph of the mcro-mlling slurry
of Exanple 3B after 60 m nutes of recycle mlling.
Figure 14 depicts the m crograph corresponding to the
final product after crystallization of Exanple 3B. The
100384 e bdp r epredeng SompoydiC intgoagspd Ba&mlclb4ﬁ0[im@i§e¥i
ant a I St OOJ37J Tlii s ser
e AR gt v BReSRER S e 7 o Sielirn e B BB iar
Lh§§g§ses can be accommodat ed usi ng the nethods of the
resent invention ft al so denonstrates that the
3! %\g J@REL A BBIeQlc 4P 1§ LRl QS%*W‘%@B 8L GONERL {Bls RYining
using different size mcro-seed. The m cro-seed size
caneriedalshenhed nu&hmgn}dm&ﬁet;ﬁem@munt s of mlling
time. The seed particles generated by the mlling step
3} jagding p speeigApieu 08 madsoryesd slugy dronnths paléng Sepipound C

9 @ ﬁfiaaa'ﬁﬁvm”f‘é{aézé‘ﬁm%%%@%@? SRR B dnit rogen
rﬂili%@llv 1] e zfn?gm"fk g 18&? tefn'n@ls'l?ungan{i Q%sfrﬁ’xll “Wh' i to.ti% caLe

ena a signi
1@%&81)1 tMpth Bgoﬁfdr\MnC!ileOS(e ﬁﬂﬁn@xﬁ a Exa,m & &mn\ %Em surface
[00139] On Day O the disc mill containing 1nmyttrium
stabi | i zed zirconi um oxi de beads as Hushed with 50%

n- hept ane and 50%t ol uene by wei ght d the contents of
the mll were displaced for disposal by air froma
positive displacenment punp. Sixty granms of Conpound C
and 1066 granms of 50: 50 tol uene: heptane by wei ght were
charged to a vessel connected to the mlIl. The m xture
was agitated mthe mlIl holding tank at a tenperature
of 19*C and the m xture was then recycled through the
mll at a rate of 900 m/mmfor 60 m nutes. During
this time the mll was on at a tip speed of 6.8 nm's.
The tenperature of the mI! outlet was 20 C. A snal |
portion of the tank slum was sanpled at 0, 5 30 and
45 mnutes to confirmthe mlling process by

m croscopy. After 60 mnutes of mlling i total.



the slum was packaged into glass jars for use later.
The slurry sanples were anal yzed on the SYMPATECI v
wo p@htioetsd fracti on wet cell anal yzer using | ecP€hiusoamnob3785
120 seconds of soiicatio i in I SOPAR G Figures 24 and
25 denonstrate the particle size distribution of the
m cro-seed. For the mcro-seed mlled 15 mnutes the
nmean particle size fay volune is 3.9 umand 95% of the
particles by volunme are | ess than 9 8 um For the
Thypprepugend oWprl ipdeseibadin hpble 5t he mean particle s e by
vol unme i sx2w3% um and 95%eo0f thesparticles by vol une

are | ess ‘? hanr t5H % um i ndi%"ﬂh n@”ﬁ*“ ha,r_fer..faaicl e
si ze di st BIELGNUs) ng mscro- segd nRfLEU TBnger. A
portion ofssthedsmiero-seedsslurry4fram 15 mnutes and

60 mi nut €&t | 1ing wasifilter®d gnd washed with
hept ane an d¥i€d at 60 C‘as in'the or evi ous exanpl es
After dryksg the surface @rea ofiit hesstisl ter cakes was
measur ed BYStARYard BET 3°sot hefm ant”® PEUHYED he 4.6
nm2/g for gmmmmmmwof m|ling apd 6.6 n2/g for 60
m nut es Qe @abbddig.  Thi s éata deponstratgs t hat
M Cr 0- Seedastsfsgisyrrd sur f ae ar eatcamtpescontrol | ed by
process pAranel &fs...l.0014F Crystalljizations 4A am 4B
(00'4i Two batch anti -sol vent crystallizations we
Figger iPolened thypioorrapp of ihy fgplgsehce] Hdvappsotind C in
tol uene and heptane at 43 CHa 75 m \ essel agitated
|n adsualh.clear solution the "mtial" charges).
Eﬁﬁg I"T"‘l‘f%r#]phe cooled to 40 to generate a
{m}smer sat(tu'n@‘;(ﬁ,qdqpi:g;sbg&ﬁ%ﬁﬁput solids formng as
verified -visually by 1p-sifu light backscaltenng: 3
jpadikli ng ahspeainblicddmanmuit thaf pant oy 08 ebdinsd bntdavenrichiie
nul l'ing step, 4) adding n-heptane at a continuous rate
crylalliagtion el coved & ain hitlisicsa dr\aﬁ%&e &0 Heirpplispied gy thisdIMC process.
Thix ESY It!agﬂ !uqm__a(t_, roomt en a]ture andl was hi %@ﬁwit hdz
VE G C ARLISTSINHES VRS ﬁé?“ HR¥DFESIRIGIRE apERetiepdrus

cla@PER TR SOLY a]%@l%%t?é{d? R»e?eoﬁgd %idqgé)éro {f Qegx@%l—
procedure an deSCTI ab e exerrpts
[ﬁﬁ#«ﬂA 4 B dubentional ﬁ@pi’m{h
{147} Compound D was dissolved m water at 100 g/1 at 60°C. The compound was
cooled 1o 0°C and distilled to 200 g/ simutlanecusly 1o provide a crystallized product. The
material was filtered, dried and pin midied using tvpical pin mulling conditions. The pin
milling of this product is especially difficult. A Tanctional null was ondy mamtained when
the mill was shut down and the pins cleaned after each 40 kg of material processed. This

process vielded a 3-40 am product as analvzed visually by micrograph.



time to erysta ifeation 0 O days since mlting mlling

lime of seed slurry 15 60 mnutes Initial ct solids 1
wd2mr4ogg68 nitial toluene 40 40 g initial n-fi epCHURM07/063785

0.0 OO a Sded 1.1 1. 1 S slurry nom nal seed level 2.5

2.5 Ww%solids to p octuct cystall Kation tenperature

40 40 Cti for apUsol vept 12 12 hrs of addition anpunt

of antisotvent 40 40 g heptane Surface area of dry

duct 5 .deplete the m crograph

E""g\‘ﬁﬂ(he it H‘ﬂr“?fq’éﬁb‘tt‘%&“’& b*4 B . [001 4J| Exanple
{Qﬂés}(@&np‘l sr[?m ' fcﬁ%§ 91'ilﬁhe>o[< Q*%ﬁfm}l—lahgm siabilized

I C(;Jermnstra I cl'e siZes 0ob

£ir&ARMENG §ORAls HH mm.u |nht¥ﬁ§ei_oﬁi}ei @b.tlapvml cBitemb B B it ﬂl:e
of a dry cake can be replicated by the MMC process.

disifihded fexﬁempim bakis frodenmaiitc dtgsceachignper dthumeflosoghadowh
crystallization and another drug class. D fferent
Cogippund P moa sheHdy das@wé%%éa baﬁtfw Hesight Bgsshaggdio a vessel
CL‘!&#jpgfﬁﬁ 5\/\2@“ g‘g{é&?l\ﬂg d&‘ ﬂ L(, t %pnaﬁlé Aﬁ‘g’& id!)clj\\fiPLQ§8“ LeVe {od
m;J l&ﬁ 1eQHIROY Q%té’\@ﬁﬂgqﬁl:ﬁq 4:9 {)ngiﬂ@\n dD\g‘ n%tlllnL ‘U%d iijr's,Qm%Q\Ols onat a
1 sinultaneously to provide a crystdllized product
tip 'sfh:ed pBd. & i/l Theas i foldl &t @angdyande had2@ad pitingdri@chf ut&n:mL

typical pin mlling conditions. The pin mlling of

stutrhivgs wxmkkuﬂdztt Ojaed Bepeddsad benfidinfilid oulitg vm%ﬁnmmwmahn Alter
o B AR e 0 SR o
the,rf}(mr%—x%gue H(iu.aislgi ? PGSR \%H}yli g n‘%ﬁ%c & g »zé g dl hp(ré’l%ﬁ s, &S

T b)f’mcrograp a(‘E)l % M of
gﬂﬂ%{qr 0 S@Qs&ﬂﬁa@&@@' e 5
{00151} On Day 0, a lemperatwre cooldown erystallization was performed by
dissotving 14.0 ¢ Compound D in 95 g water in an 75 mi vessel agitated by overhead stirrer
which resulted m a visually clear solution. The temperature of the jacket enclosing the vessel
was held at 66°C for this dissolution. The slurry was cooled by placing 64°C on the jacket to
genarate a suparsaturated solution without solids forming. Supersatgation was verified
visually and by in-situ light backscattering. A total of 4.0 grams of slurry nucro-seed from
the milling step was added and the jacket temperature was changed to 61°C. The jacket was
then cooled from 61 to 48°C over 4 hours and front 48 1o 20°C over 7 hours. A micrograph
of the mucro-sead sturry was anadvzed Tor visual parficle size analysis. The mean length was
{7 um and the mean width was 8 um. This size minucs that needed for the pharmaceutical

appheation. Figure 16 is a micrograph of the final product of Example 3.



[00149] On Day 0, the disc mll was charged with 1890

g of 1.5 myttriumstabilized zirconi um oxi de beads
wapa7fibarshied with dei oni zed water. Hi e cont ent BCDUS100B063785

mll were displaced for disposal by air froma

positive displacenment punp. Thirty-four granms of

Conpound D d 207 grains of deionized water by water

wei ght vvere charged to a vessel connected to the mill.

agitated in the m |l holding tank
m&ﬂell eb ‘l‘?{j“ ycled through the nmill at a rate of 630
OO 0 (T S Rl S L1170 the i 11 vas o

mll outlet tenperature

[OONEE 20 Qh& @ﬁ&' df eR@AGIEQRNRhstaOh A AMSHURDYes RS meat the
sanpled at 0 and 5 minutes lo confirmthe mlling

hioprudeEBs dbyhenirghospopieed I & 8F Gijeitnill i mutseseddb camihé bingd
the slurry was acka%:d info glass jars for use |l ater.
p'w‘hiewb gT*‘apw*s%F olpgam &:W&l@e&sa\twwe ama 1& 2Pl pesEd

eners utxrm, g zgﬂ{iz ?51‘1“6’?1%"7§"’T"bfffg%¢m g&)l' *asib%i:/(ma:a 'QéYc’m menoJfa a
pr OBSLW%@EH!]S i}%ﬂ} LQMuGﬁnX 3&1@21& "&Q}t 'FQﬁmm% &ﬁﬁ)ﬁgﬁﬁ@ %ap matler
I ssol vi ng Compound In'S g water in an

headeBSRE mébhd gteds mu:l Q;\m@iaemlm&t red @fcrovked And la§lwrt>ﬂﬂm Breg of
a visually dear solution. The tenperature of t he»
thejpaeheeitvwhen ctl’kminn ghztrkseufvaswedwed/\nss dafleledt TIgs Pornhil fsmnstfrates

i g et R P 5%?%5?%? o on e produet
T}zey\gr\tlgzgrﬁ is %\gn'(]i\q%mfn&%)m l;}gtesTS L{Rﬁgﬁ éﬁﬁggulus? 8 10\{\@? su \u]{r f (%gnpound

stu SCa er

F iOfnodnQo E&x@@& e@fl ﬁ§ll\ Wofphs cﬁh@pl%@@g irf J&Sﬁ%ﬁ@ “mul el g’&.\‘%‘;ﬁep
was added and the jacket tenperature was changed to

mveRGs plhiecgdabk étsuwhsoltthenh cOlok dendnspaeGhe FeasililiGC wiier MEIC
hours and from48 to 20 C over 7 hours. A mcrograph

proggss {H@hapepolisd ggcstsizh was anal yzed for vi sual
article nalysis. The mean length was i 7 um and

mﬁ? mean® Wg ﬁ\%as 8 urn. This size mmcs that needed

joo 84 the \@ﬂéx‘i?‘&%ﬁ%d Al 'ﬁfé@l ﬁqwnﬂ’ﬁouﬁk%p wé@l piXafte, g000-

m Ccrogr ap final pr oduct Exanpl'e

13(E0appked 6 0QIR3hConpounrgd; & == serotoni n antagoni st
[ 00154] This series of exanples denonstrate that the

[OORATT pr odddknefrMiveetect Hé fii Dawaplt @bi | ity of the

{ﬁﬁg%ﬁ?ﬁgt I{)]gguf(): %9@ d?é/a naﬂUA(,EgdilngltL irgi]‘){l) t'suu?\% o{ma a?nl':}rl \e gm?n){ stabilized
zircomum oxide beads was ushed with 60% isopropanol (IPA) and 40% deionized water by
volume. The contents of the wull were displaced for disposal by air from a positive
displacement purnp. To a vessel connected o the mill, were charged 18.3 grams of
Compound F and 220 grams of o0/40 IPAWater. The muxlure was agitated m the mll
holding tank while being recycled through the mill at a rate of 600 0 200 mlimin for 15
munutes. During s time the milt was on al a tip speed of 6.8 m/s and the mill outlet
temperature was below 30°C. A snuall portion of the tank sturry was sampled at 0. 3, and 10
minutes to confirm the mifling process by microscopy. After 13 numstes of milling, the

shary was packaged inio glass jars Tor use later.
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pl asma | evels. This series of exanples further

denonstrates the utility of a supplenental energy
waelewiraes7p$ aced in the crystallization vessel (PeT/UR2087/063785

case a sonieatar) to pronote a product with smaller

particle size (higher surface area). Exanple 6

denonstrates that snmaller beads in the mlling process

| ead to higher surface area mcro-seed and hi gher

surface area of the product when the sane charge of

[004§Yr o- se\éﬁhlm@ Miepn-eppd &2 ff'l'h‘ﬁ%“‘é)!ﬁﬁrpl e denonstrates

h
008G e o St e oy pesE S Sand Tl i fior 1.0
mnl ﬁlxﬁ:n‘?@ﬁﬂﬁ'»‘%ﬁ DEb R §\;H¢£ 9 S§ts1W Jl'i A8, aqueous

ani ¢ Sol vents. “Knhown to have severa
ma@@i(yﬂor Plfi-bskiiidas pm@ﬂﬁmmﬁ accordance with ne pre
en invention produced the desired pol ynorph. This
[06deHonst rietesoitthiecdsegsidbikiienwafactdveplivhag h@ribwsashzfr@m&
. pharmaceuti cal processing 109%55 AFG M | 11 ng [001?
adeiitngt i MRS FOBARGE ORI AR s 1“H§ﬁ]‘ﬁ8%‘2>if5‘s\l’%‘i B¢ ﬁ“

tin%. g‘hg =) ﬁ%yrlt g?)}[xg%(%gxm‘sh%g%wm Wmugﬁé@ 1% éhd,l{%xflc%%ggar R B8R es
\\e ﬁ‘z{@élﬁﬁo@ %1[50‘9:]35@&8 RAPRY 0 Q- the R AbRG T e G U BB PG

0 grains of 1. rr‘myttrlumstablllzed zi rconi um
ngﬁ)xxﬂcdedd@ eaths vaasl. f_ﬂhu Shed vl npR¥ed soprdrpanhalsref ThPAY t@nd and
40% dei oni / ed water by volunme. The contents of the
an fiving sopespdordpra i leved i‘:ﬁi@yx’ ter lepobais shyacgi Whieregipieg in Table 7, the
positive dis I? To a vessel connected to
sonf%gmm}m § WG é.a s&lgﬁfsuf& A FPOYET %%8&%1‘% léh\aau& For
the%gxg ﬁﬂ}g r{?eldfif 1}11@% 48%(1 I‘!E)A(dﬁm el ‘s,\ 'JE% a@l&i‘éﬁ' thh%/\@ngi o@%ett@x cﬁd

ol'ding tan el ng recyc throu

mntcﬂﬁx b8 ddditah afhE abe @k «BRe i @g&aﬁlﬁ'ﬂcﬁmnhmt FOFadR: the solvent
mnutes. During this tine the nill was on at a tip

ratispeedtdfc B2 8 Mhsteanthit ves drnkko oytd ety id e nperahaele Shaky
bel ow 3Q0C. A small portion of the tank slurr mas
iv%\g&ﬁ%f“e@t&&d Gaquag 10”&?#@’“1 didmohiptnast thoPE e Pramiehacapily.| l?thg

oroBEF Su R BGR" s gl e Boiie 5 o) 804198
with aMok Ik DG 19](‘1\!}@{19&1‘?“@@%‘1!{12( for Exanple 6 (00!6Q The
procedar € of l'ing U above w duplicated except 1894

jeogéEns ofThdy &1& 0[ Example 6C of Table 7 was quantified to be 83%. This run was

shown by X-Ray diffraction to vield the desired henu-hvdrate form.



yttrium stabilized zirconi um oxi de beads were used
medi a. [001611 Sem -conti nuous Crystallization | OO 62

wo 2@erie76ont | nuous crystallizati on was acconpl PETEs200¥063785
t he simul taneous addition of the mcro-seed slurry
concentrate and the antisolvem for the specified
charge tinme. The solvent ratio was mai ntai ned during
the addition of the concentrate. The charges were nade
I h rough a 22 gauge needl e bel ow the |iquid-gas

Rug pupwary Ja@lile ¥he agi tator on opposite sides of the
vessel. The 75 m vessel enpl eywed an overhead stirrer

for agitationsghd =& nitresvni £at'ion probe placed bel ow
the || -t ras et _1"‘;,- L 77; .MV -'1' 3 % umhe

soni catMe@mipe ohes sas=0n duri ng «he esystal | i zatd on at a

power qf approximtely 10 watts. For t runs_using

Nedi a 11 ed sted 2 addiTT onal wat of wgg‘ addes at the

end of sthe bat®h concentwate additikdn at? t hesanme rate

When c & !ngr:; 2010 F 3 V nt

ratio from4 3 to 1; This was done to

i nprovec>i el d @ppr oki mated y 5%by Eédwering t h€ not her

l'i quor JLosses gnd did naf, inpact the pagticle,size

significantly. Post processing conprised filtration of

the slurries at roomtenperature via vacuum and drying
foowedih ai rpoer F dliilfighnl dddaiskacuum oven at 400C. (00! 63|

The yield of Exanple 6C of Table 7 was quantified to
Thbei8 pPodudinif Exsriple Wa Siné thewt (bmiidaRavpth |dére femiiardioa side by

vieid the desired henii-hvdrate formtin Sunmmary Tabl e
sidgsiugapiogtinet {Hicd karsgles eorstoamntieomA PRz Heal Sepidesaisbribe area

f.rpi loss) SA nmy (um SS% < (m. e i mlling # 1 f1 5
undsi 1B SHF 3.3% iy 2: %5512'}%?% @M’ﬁ\ga E5HBRE f—*Lt.“s'*s %.Oféf&a% wersts

AF %QB& Igﬁénﬁg%g %i %B}M %‘ﬁ)&é 5(%432%&\} bi g%ﬁgé&’fﬁ?ﬂ%@ \)%xlsf}bﬁl][g.dr gﬂ% #:%ui ‘1« 8115,

provided m Figure 26,

[00165] Example 7
[00166] Compound G = DP 1V inhibitor
00167} This example demonstrates that large particles - 30 um) can be made

consistently by the MMUC process of the present invention. The particle size can be talored
using different seed loads.

[00168] Media Milling

{00169} On Day 0, the KDL media mill was Qushed with 8020 IPA/water and pamped
drv. A sturry of Compound G at 100 mgfy in 80/20 IPASwater by weight was led through the
mall in recvele mode at a rate of 300 milsfmun for 120 manotes. The resulting parbicie size of

the nucro-seed had a mean size of 4.7 win as measured by light diffraction,



6D 20 3 yes 1.2 2.6 6 10.3 [00164] Post Fornmul ati on
and Use The solid product of Exanple 6C and the AFG
wordoritegesanpl e were fornul ated in a side by sPCdPUSI00TY63785

into

phar maceuti cal

direct |

i ngredi ents.

(AUC in 24 hours) for

conpared versus AFGrallied materi a!
erformance was obtained. The results
(00J65J Exanple 7 (00 166]
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The particle size can be tailored using
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Compound D = bisphosphonate
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The example demonsirates scale up of the MMC process and the utitity of a

recycle loop to enhance the mixing characleristics of a vessel upon scale up. This example

further demonstrates that a higher intensity energy device placed i the recvele loop there a

static muxer} can enhance the surface aven achieved for the final product. This senes of

axamples demonstrates a profile comparable to pin milied product.
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was aged lhour and man en at 45 C. The particle st/e

was anal yzed via a Mcrotrac particles size |ight
walkdoness on usi ng 30 second sonication at PCT/US2007/063785

approximately 30 watts in the wet state. Die foll ow ng

results ere obtained. Table S: Run Nunmber Day Seed

load (%9 'M/ (urn) 95% < (urn) 2L 505 77 IT-11 7B 13

0.5 72 58 5 7C 10 52 120.5 (00! 72 Exanples; |00173]

| > - bisphospbonate | 00174| The exanple
{mégﬁgnstqg gulligga) e up of the MVC process and the

[Qﬁlﬂt’éall Ity (%xg)%mﬁc?ﬁx Cils Crv L&ﬁl@?& S| h%galpﬁ*ﬁ&ea *Ishﬁ} ﬂ[lﬁd di lhe res xlurw

racteristics a-\ess nscal e’
parlile kiR fvadRERBS K aﬁjﬁmﬁaﬂa mﬁas hghed w mmbemésg Yhaf 80 mnaqael
n the cle loop (here a static nixer) can enhance the
sur&m ﬁrameasaiﬁ Ehmaghl exed for the final product This
i es of exanples denonstrates a profile conparable
Eﬁﬁt‘%’”pu n r?ill“i" ‘rltsaftrtqe{l@@ livs“q’e&u n ni u| ng [00176]
D mas ii/ed
DUt AR e SRS B S
cry Ak fa'{l?bﬁt bgrhq@% a‘ILZhSH lhﬁ IW'4§ Phl vell \\llﬁsls’\ ﬁtﬁﬁ%&lgz HRiAhe
surtace area”as MITi'ng of
zirdvh G608 et adind E&amh l&‘d [\ﬁ@:ld-é&hlg@d saxref_ €BheQbnigrd bathe biill were
~runs were nmade to suppls ntcio-seed for the cp ' )
dl‘@ﬂ‘a‘ﬂd Hiseatitpornt On aiDitamG: Hveitidé displivritienigpenpe dwrgedht mmm’»'@en’i of
tin urn stabilized /irconi umoxi de beads and th
wtf washed ivuW‘fﬁ*@ifs%“ﬁf@acq;eé%fﬁ“w 6 AVEHIO B PRGSO Ied 1 the
il e’ﬁgt,l ;ﬁip\lu%: \% s: Aafia&j g IRQ ﬁmﬂl h(ﬁd: %L leabﬁgﬂe&n&‘ ‘% through the il

acement I'es a

at %Még@ B mPREn. 'l)tlrintrel'ils ﬁ@lh &l Wabe Eu 9@;{1&?&&{ d;fau AR MEBER
charged to a \essél connected to the mlI| The m xture

milasutgictrgti@drd Wast TIC mAlitkr indhdy. g stuam kv phekapel ing glwcgrs for
ci ed t hiough he nul

iater use,
{01791 Crvstallizations 8
001801 A senies of temperature cooldown crvstallizations were performed by

dissolving 25¢ grams of Compound D in 2500 g detonized waler in an agitated vessel using
an overhead stirrer. The temperature of the jacket enclosing the vessel was increased and the
batch temperature was raised to 60 - 62°C to dissolve the batch 1o a visually clear solution.
The slurry was cooled to 52°C to penerate a supersaturated solution without sohids formung as
vertfied visually. A total of 115 nulliliters of micro-seed sturry was added to the vessel via
the top of the reactor and aged at 32 to 53°C for 30 nunutes. The batch was cooled to 5°C,
aged for af least 1 how and then filtered cold using a vacuum filier and vacuum dried at
457,

{06181} Based on the concentration of product in the mother liquor al the final solvent
composition, a yield of at least 80% is expected lor this set of examples. The particle surface
area was analy zed by BET isotherm and light diffraction. The particles of run BA were

highlv agglomerated and exceeded the capabilitv of the light difTraction machine to measure.
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at araeof 1)OmM mmDuring this lime the mll was
on at a p speed o f 6 nifs and the ml! outl et
W eopadastite <j CC After p ihng. he slumv s pRCRESEA7/063785
intola s jars foi ater u e fOOL791 Cn stall ations 8
[0018OF L sepes of tenperature cool down en
stal h/ations v\ ere perforned b dissoK 2 5 ram of
Compound D in 25(*0 g deioni/ed v ater in an agitated
essel usi n? an o\ erhead stirrer The tenperature of
Addifen plcreatcidaen @s#ﬁi@t»ﬂﬁbf N ety wzagd ihﬁ sWEws aga ghige preduct.

atch.t eiati as.raised o
AdPReT BiA SR e Nt Aieh e Qv i P PR it
e sol ution
bur&QQ ﬁ Lgfﬂ)’l[lfﬁ'l?eq{};ﬁglﬁ gx%ﬁ&eﬁtbe pﬁi iﬁ!%gﬁdﬁ]@%ﬁ )Iﬁl}:gﬁﬁ loi al of
35 m I phdibbers o f |m:ro seed slum was added to the
\esse! \La thp top.of the reactor and aged m‘ B2 to
53C f or S ‘ —gged
foi a Ieast h;@td{pm&ﬁd then fill eatxed cotzd usi ngg a \acuum
filiei and aQ’aﬂf?ﬁf‘chf ed at 45 Cf’*f£”30018131‘g Base?sls"-‘ on the
concent t at i OfydfueRkGAUC t™m the s t1ieksiiquok at the
final soU entseeonposibien a ield o f at leaste Oi s
expect ed for "PHiY ety f exanpl es The partiéle
surfacecg@a-ag anah /ed BFT isotliermand | ht
diffiaction Fheepathcies of rumslL wei®thi ghtuse
aggl oner at ed ;A Exteeded the eapabshif of thg; i ght
di ffraction b t 0 nmeasur eAddi t isan.@f axr@eycle
| oop as depl cted in Figure 4 enhanced the surface area
of the ProuliGt., Addi.tion of a static mixer high is a
hi gher ener gyodemti&ei-n t he reosycl e leop lead I o
hi gher surfacecared® conparabl e 30 thai* produéed by pin
miI1ing the didREOAUGL: KAD 6,9: Exammfo 8A8 8 dC
MI11ling gtat ns product 220 220 50 grans of water 2200
2200 500 ti mERF@rhPTtTHg” proc€ss, m g 30 45715

% = 10 um 18 30

{00182} The results of Example 8A demonstrated that the equipment chosen to scale
ap the MMC process can alter the product resudts. Adding a recvele loop to a vessel to aid in
mixing 15 an embodiment of the present mvention, Furthermore, Example 8C demonstrates
that adding a supplemental energy device can provide a higher energy in the recycle foop
thereby vielding a product of enhanced surface area. The surface area of Example 8C
malches that produced by pin milling. The ervstallizations produced without a recvele loop
or supplemental energy device lead to visually agglomerated material of relatively lower

surface avea and larger particle size as shown i Figures 17 and 18

{1183 Example :
{00184} Compound E = lipid-lowering compound
{00185} This example demonsirates semi-continuous erystallization with antisolvents

where multiple charge tiroes for antisolvent and concentrate can be acconunodated.

Sonication is shown useful to enhance surface area of the product. Here, smaller beads of 0.8
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mll outlet letrip 5 25 2 5 seed sonicated before use
no Day Used after mlling 51 Cy Iteef St Uag rate
wQo@7360068150 ag dianeter, cmb5 6 6 recycl e ratECT/DE2N7/063785
900 450 Energy Device double tee static m xer
Conditions batch i , liters 1 2.5 2.5 cool down tine,
hours 6 10 3 seed load, VA% 2 3 3 Surface area of
product, nR'g 0.12 0,36 0.48 Mean particle Sise
(mcrons) 75 urn 23 1 95% < urn SO 29 % 10 urn 18 30
nup GEre g ITHEmeRE IR Rl pranEx anishds sied emmdivgtifiarddd agdrptnechith

t chosen |o scale up the MMC process can alter
{h‘gt‘ﬂ‘éeﬁrfg‘ggﬁéiresls’gémlet“éﬂﬂ Adding a recycle loop to a vessel

ook 8612l d 1Ttk leﬁxﬁiﬂuﬁ g%‘i%”t of the present

|nvent| on. Further nor l'e SC denonstrates that

j00asidi Ny & oRyPRAERRAL Rl marasar Jhe eMiaGEsueatt PE0pbdBcABon was |4
hi gher energy in the recycle loop therein yielding a

wip‘?oﬁgdm bt padhanced surface area. The surface area of
le 8C matches that produced by pin mlling. The
Em’é?’yst al I\"Z'éﬂg ?fn‘é“’b‘f‘éfd‘ﬂ@‘é‘o* W“i“ﬂ‘é&t a recycl e | oop or

pl e vi.ce [
[ﬁ(ﬁk‘ﬁl oner ar} ea ﬁa (9% r]nﬁops Lh rggta miki b ¥ mnmén %l]gla]éiebdé'lf onam

mlé@geah@iﬁsxgﬁ‘é P gf'ﬁe' gls:)_% \%ks%?ccﬁrq!ec%ﬂqmle' R RS k8 Sed i oA RS odooigo
MeOH/water and then (‘r(??*x am,a. of Compound E and then 0.2 grams of butylated hvdroxy
anisole {BHA) as a supplemental additive for performance of the product The mixture was
agttated n the null holding tank while being recyeled through the mull at a rate of D00 mlfmin
for 30 minutes. During this tme the nulf was on at a tip speed of 6.8 mv's and the mili outlet
temperature was 21°C. A smalf portion of the tank shurry was sampled at 0 and 30 minates to
contirm the nulling process by nucroscopy. After 30 minutes of mulling n total, the slurnry
was packaged nto glass jars for later use. The mean micro-sead size was determined to be

about 2 um.

{00194} Crystallizations 9A, 98, 9C, 9D
{00191} Semicrontinuons anli-solvent crvstallizations were performed by:
00192} H creating concentrate by dissolving 60 g of Compound E i 1 iter of

methanol. A total of 0.2 grams of butvlated hvdroxy anisole was added to this stream in

order to prevent oxidation of the product;

2) creating micro-seed bed by charging 5 mi of micro-sged slurry from milling and adding 3
o of 60/40 Methanol water by volume. The charges were made Lo a 100 mwl agitated
vessel at 600 RPM with a 22 mm diameter blade:

3} simuoltaneously charging the 56 millililers of concentrate and 36 milliliters of deronized

water anti-solvent were charged to the vessel vig separate svringe pumps,



[00184{ C ou E ~ lipul-Jowering conpound (00!85| This
exanpl e denonstrates sem -conti nuous crystallization
WOR/166768 soi vents where nul ti pl e charge ti mesP€DUS2007/063785
anti soi vent and concentrate can be acconmopdat ed.
Soni cation is shown useful to enhance surface area of
the product. Here, snualler beads of 0.8mm were used to
denonstrate that a range of beads sizes can be
utilized in accordance with {he process of the present
4) iapine Mitd tewh (HO0BE it s@mnmmwamnal SEngarbd kil appgpsvippal 0 &C vatts of
[001871 Conpound E was jet mlled. The resultant
PAPFRLE a@rﬂéeai ‘%‘ﬁébl ipjocthg %ﬂa e dyrng t%l%wzw“wwagd!ﬁt@w PHe

R}dbrlﬂstgﬁ}mr&%i w %]minﬁnéobdqg&n 3T ‘ifm‘(‘mg““gﬁ‘é 'rl"é éaommi h9 0.8
5y TN fik Hﬁhl%z@@ lon %660r4 ‘te{;ﬁﬁ[‘ﬁ&ma&%iquc ﬁ%@n@l@] ok '% iPe Hedain

state. To a vessel connected to the mll as Charge
1QROcdr: f@fanA0H 40N MEGIY aronatiBe patds thewr aﬁﬂggn&%\ afy solids light
Conpound E and then 0.2 grams of butylated hydroxy
arflrsgloa. (BHA) as a suppl ement al additive for .
[()()Q.ﬁ.g]f Or ek gdl cal th u%né ag it} ff epx (F u,lm nxhp znoiénl\,’\qléyu?l Fl%iﬁg ﬁg%li%o vent

ml! rec
oxfﬁﬂslunﬁta Gelfl AF & qut /0L xm\pgﬂtéﬁ 1@"}9&31&@1 (memﬂ}@% ’l@éﬁinﬁg\ ore
|st|metemlvvasoatat|pspee ms and
nmtkh&urg_1Bémmjtrl,.zﬁta_rt,je,mmr ature was 2 1CC. A srrall portion
of the tank slurry was sanpled at 0 and 30 m nutes to
Thepntddom anteupid ik lagripdoc#ssledy: m croscopy. After 30

Nk gs—of—nt+ing in gotal the slurpy was packaged

|ma’so glass jars for Tateriuse. Ehe nean m efosnseeds S
Omc a‘g}im@ﬁdﬁnﬂ to be aboyt 2 uniy |00 go| Fow=
[z at | ons . 9B, 19C, 901@00 1 9%l SQ1 561k ok
U@mza@nkmpemsel ventzcrystab |izatéons were perfornmed by
,gu[fagoaléggr]dé)mqr( eatl.,,rgg concentrate by dissol ylgg 60 g of
Conpound liter of nethanol. A total
gramstsfizput yl at ed*hydr ok ani sdl e vvas‘oaddeﬁfmt%e’mt hi s
streamin order to prevent oxidation of the product;
MiZpgrapteati g produco-of dadmbedihyand it grenghcdbvmmn Bfgures 19 and 20,

m cr o- seed slurryfrommlllng{ and adding 5 ,
respeciivelv. The products are sumnilar except for the {ength of the mdividual crvstals. Figure

19 can be compared to Figure 21 where the process was scaled up using less sonication

power and a longer addition time to limit any nucleation.

{00194} Exanmple 10
[00195] Compound E = lipid-lowering compound
00196} This example demonstrated that the process of the present invention wag

amenable for scale up to a commercial production volume level for specialty chemicals.
Here a scale of 15 kg of produet 1s produced in one batch using a semi~continuous baich
method. A larger scale emnulation of the recvele foop 15 described which produced a
successfol scate up. The recyele rate corresponded 1o 18 minute batch tumover time,
practical rate for a large scale manufactusing process. The sonication power density was

approximately 0.7 Wikg of batch, a practical feveld for a large scale manufactoring process.



m of 60/40 Methanol water by volunme. The charges were

made to a 100 m agitated vessel at 600 RPMwith a 22
waorooditedTes er bl ade: 3) sinul t aneously char gi ngP€ESH67/063785

mlliliters of concentrate and 36 mlliliters of

dei onked water anti-solvent were charged to the vessel

via separate syringe punps:4 ) agi h batch for i hour

at roomtenperature. Sonication at approximately 10 a

t of power as applied chrecth into the en stalh/er
Thygritegztine pméinfd ewv pagt grogefaed yserscay ipnah gpulagien wgeml@aw

t uted
As e B o1 e EeRpel SaPe e
degk&?stf [:ﬁnt" &lhgr ak ){4&?}(}% &Qt u'ﬁl aﬁ' })fu%oﬁ ak@e st@f&lﬁ@%&!&l%@&ﬁ \'@,f

ace area. Tﬁe ticle si/e a neasur
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seed to 10 wt% ofids I o product c>stat! ation
{0 dcgﬁmﬁ& aﬁ Mfoﬁ aﬁ@a ammaﬁ 2befnstiseadeoahea lof mditng po@siio teep
2.6 2 1 n2/g e n psrticte Size S4 11 d 7 10 1 mcrons
thetsy mrptnem rlage aphsibof! solivs e chiuead o URdadpi danensialoB
e shown n Fi ure J9 and 20. res ec;

clup B GBS APUNS o CEEE B PERE. 1 EngineBreT fee was
tOIJ'r_Jthé \{ wtﬂgéj\ae’ssmﬁ{ﬂ{lcﬁ Eﬁlt'ﬁnﬁ 'Qild{o? SIJT[U? ﬁl‘ﬁ gg anﬁ‘%ﬂ\tsei *\J \Qlth coarse

ptocess sca up using 1 ess
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an> nucl eatton
chunks of solid.  The TKA Works mill was used as the pump o recycle the batch volume at

feast twice dunng this step. The recyeling step did not reduce the particle size of the product
sigmficantly.

[00199] To mull the batch to micro-seed, a second recvele line was constructed as in
Figure {. The pump was a peristaltic Masterflex and the muil was a Netzsch media mill
model mumber “Minicer™. The mill was charged with 135 mi of 1 mm yitriam stabilized
zivconium oxide beads {approximately 300 grams). The baich sturry was then recycled
through the Minicer pull at a rate of 300 md/min rate using the Masterflax® volumetric pump.
The mull was run at 2202 rpim, corresponding to a 6.8 n's tip speed. The null and the bateh
vessal weare cooled by glyeol baths to maintain the batch slurry temperature below 257C
throughout the miiling process. The batch shury was milled for a total of 41 hours. The
mulled shurry was aged overnight at vroom temperature, then discharged though the media oull
io a poly drum for use within the next 3 hours. The nufled slurrv was the micro-seed
streamn. A portion of the shurry was filtered on 2 0.2 um filter and analvied alter diving in a

vacum oven at 40°C. At the time of discharge of the slurry, the surface area of the milled

44



| 001 94f Exanpl e JO (00! 95| Conpound E Hpid-I owering
conpound [00196] This exanpl e denonstrated that the
w@e@casEeof the present invention was anmenabl eP€DUS2007/063785
scale up to a commercial production \oiunme 'e\e! for
specialty chemcals. Here a scale of 15 kg of product
is produced in one batch using a sem -continuous batch
net hod. A larger &cale enulation of the cle loop is
descri bee!l, whi ch produced a successful scale up The
solida pgs P2y v lhcb‘ﬁ?‘é%%‘@%‘eﬁﬂt% 19 i utre At h ot thnrarpeles
i cal scal e manuf acturi ng

r
st b S iegh 4 BEloS s HERE tx v
““?QﬂrOXIWQLQVMMQ?&lNMkﬁ abiehdtch, a practical lex e
or a large scale manutfacturing processThe

joogodst al |dezatd ooy RRodutk IMES sROSiquRnea e Sedlab &l Rgset up of

conventional manufacturing equi prent. As with many
Figphrar yrage tital saihbne lukve bpkoadetnapasheoxy glemi g ergird \re cland

all streans were degassed using eit nitrogen Row or
fength of)| )mpé%:b‘c B’d{ 1 SHTY 1 é“lé‘l}ﬁrﬂ“g HES \Mé\ ilr@i:({,g.fmcihc first

zm\kh? ¢ %{A?&l]_e clcb% ﬁ%igﬁ%}: lﬁl t(oﬁ om])(o ﬁ%\’l@lﬁ}g oF S}@Uen f%Péﬁl[‘%x éons cd of:
Hm;@;[OOlQ@J Aaggbgﬂng%n$ 49 kg of Conpound E U||n1l ed
pure, 9.3 of deionized water. 14 kg of nethanol d
2) 8. ﬂﬂm@w@buﬂHéﬂm&ﬁec@h&ﬁ@ﬁﬂmlpo&:kﬁ@kﬁﬁEﬂnﬁamhmmﬁﬂg
gl ass vessel equipped with an agitator to blend the
3) vesE@l v 'émtf@ﬁpsw‘tmﬁes glduhpgingasedshangedesdeth nitr ogen
to de the ol ution andamtro&é vveep was uih’
Bt hrblgH ‘f}t\“{‘-’h Ml‘P‘%@“ﬁr“béé’g%}pt‘W Qe Hgieg e pghyent addition
hehQﬁﬁ&n A large quantity of solids as charged and the
erial dermonstrated clunping during wetting in order
3 t 0 &%Lwn By i ENQ@IRGRIIf Alradid s &itor oS @Y Al stheRl BRI Y8 Song in a
connected to the vessel which contained a rotor stator
2 lipgr Flow (throde Al Lk T scbioawir s oosuisdurbe bt Mylesthes hat el paasired by
recycled through the wet mll for 30 m nutes to break
‘”Hb‘”?t“l’fe’ F‘é‘?"g}e chunks of solid. The | KA Works m |l was

9t CETRUPIG: RIS LPabTRe® piakf P b f s Ry PR rom «
dn&educe the particle size of the product significantly.

[00 99J To m|! the batch to m cro-seed, a second
7} I ecy®hS nhdtdren MaSumansktutd @k of siufty;

8) pipe returmng to the mam crystallizer which was 13/167 internal diameter;
{0203} Antisolvent siream. To a vessel previously cleaned and flushed with detonized

water, atotal of 250 kg of deronized water was charged. The deronized. water was degassed
using several vacuum and nitrogen pressure purges. The water was drummed in 30 gallon
drums and kept closed till use. This stream was the antisolvent stream.

{02041 Batch stream: To a vessel flushed with methanol, a total of 14 kg of
Compound F active pharmaceutical ingredient (AP, 144 kg of methanol (previousty
degassed), and 80 g BHA inhibitor was charged. Compound E concentrate was drunumned

o 30 gallon drums and kept closed unti] ase. This was the batch stream.



Figure 1. The punp was a peristaltic Masterflex aid
the mll was a Netzsch nmedia mll node! nunber
wokmwraes768 The m ! a charged with 135 m of |PCTI$2007/063785
yttrium stabilized zirconi um oxi de beads
(approxi mately 500 grans). The batch slurry was then
recycled through the Mnicer mll at a rate of 300
nil/mn rate using the Masterfl exvB.' volunetric punp
The m |l was ru a 2202 rpm corresponding to a 6.8
EGGP«WHS up Mipaeded sTrHay witd wrand ot el kfaltétfﬁ asgel e aip 6040
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ix.eptl Qtewslgeq ‘Lax\ﬁh%roqﬁl o*ﬂ:?&%fcq 1&{1*% ?fﬂb E.\h(mﬂ]&é) aﬁdﬁ:@ e%“?\efe tth? n

recycle 1 oo rom omof irre

aﬁctrank CHAILBE @ﬂh (@10 LQIZRZbe Iy Ruichaph bﬁame@su ter 21)}11&&:1@[33
focused beam refl ectance nmeasurenent probe for chord

addiigmgt 4y completedr 4nige of Sp1o8i281 watal wis ghpaetd ftarcosampbimge awrdver
chargi ng seed sl urry as needed: 4) a rapid m xing
tw ‘U‘@J\}“F“c‘é* U onivaeaney 2F &° ~a> “budpe f‘@t‘ logeil §HF k”é%fﬂvvéitlé}“ Lar tvas made to

ne *1 1eﬁ )\g uemg% &8 [ugaﬂ’]t {)0 q,uct?o ) qgr {1 :fmxlx
E"&r?s%‘t Y dpene ey VR SR e ©
to @0 @ Zrowth 8PGe h’%ai‘g}k%uﬂ\ L @llehdi@w through Cel | The
soni cator was manufact ur ed by Tel esoni cs and was
jeopovier ed Afyer hegRidal-ad atiteofhaReKh) Wich was aged with sonication at 20 o
25°C for 1 hour to ensure complete growth of the crvstals. A picture of the ervstad slurry wag
collected using an optical microscope as indicated i Figure 21, Figure 21 demonstrates that
the parlicles were monodispersed with no small particles due to wncontrolled nucleation

present. The recycle loop was turned off and the batch was aged at 20 to 253°C overnight.

Post processing by liltration and drving of the batch followed.

{02081 Post precessing for Example 10
{00209} Filtration and dryving: After an overnight age in the vessel, the batch was

filtered at room temperature. A lotal of 385 kg of mother hiquors with a Compound E
concentration of less than 1 mgf/g were collected. A total of 20 kg of previously made up

30/50 viv methanol/water was charged to the arvstallizer via a spravball in order to wash the
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) a rapid m xing device connected to a punp for batch

concentrate addition froma drum 7) a nmass neter to
wore@3noeEes he recycle rate of slurry; ) pipe rebdr/ns2g7/063785

to the main crystallize) which was 13/ 16" internal

di anmeter: (002031 Antisolvenf stream To a vessel

previously cl eaned and flushed with deioni zed water, a

total of 250 kg of deionized water was charged The

dei oni zed water was degassed using several vacuum and
wakh ft‘ﬁ@g‘e?ﬂ%bme%%‘a bédpwfgeéd whehgpie gmﬂ' Wetse Hitermdeigtal of g of

runs use. This.strea

el SR OR T dR Pan RS0 Ol wlifch b bEuRd R Ty et
preY&RSs ltht.j H@h‘?gt @&J :5] wRt, Qﬁ'&?e' W tst@'tl\m‘uzﬁlxe:gfn egi(i”xoyglha?;ﬂwr placed

Conpound E active phar maceut i cal i ngredi ent 14
ontl Gaed msmatrh:a ROk bRV RS LiYded Gﬂ:@ﬁx&%ﬁ)u Can048Guek. Bilhis point

i nhi bitor was charged. Conpound E concentrate was
thedesuhwiedattming neagalldnoine @kmms ahdt Repte. o osddl Uint ki of drv cake
~use. This was the hat ch st 020\? M ¢ro seed
“f'a%‘Ti’E}%’PSiiiﬁ‘HRQ"'dﬁ"‘ “ﬂ"f Bﬁ&ﬂ‘“&?“@@ 3 ﬁ? %V1 GO‘SW bigwad up

gbpém.igon 1%1' Hhxo*ﬁm(l: 1 sg,g fugﬂ Homuéumt ﬁl{m m m mﬁ, i pa m ég\ & Xg um

W nﬁt}ﬁ@ﬂ)@@@ﬂaﬁmeﬂéﬁs #ian KQ5 TR WS fgnd hﬁze@ﬁs@é&@ |aﬁ31 \\%QFP 7 nﬂhe
soni cal or radial probe as set at 350 Wpower, and the

mebasdt i TRBRMap nobeptisas Thike m«e\dlzmui > @bmpafitds wahd @beraibhe
m cro-seed slurry described i this exanple above as

ma@halrfgé?mm@rftlﬂémnewéwre scgppp i e pigeess/ 8 seed char ge

t Tee.and eed bed sre ed for nut.es.
0B, soriEht 7 bivndt conme Baoesrs i Lae WHEHPLH B S and
shﬂt)Q H&Q %e@%ﬂ Hlion [p%O% e ¥<§Egﬁé lvla%x%hucgg d%n‘lalr{ﬁ &% PerTngr in the

vessel was Sp

JabBdatody 19- 51 WMI& bh@lt&R}éﬁh@bérf&:ﬁ&de@'ﬁ‘ss Atk 128 dKﬁoﬁlﬁ; ating
dei oni zed water was charged to the mcro-seed, along

thalwrtudiicHi6 8y chegpl obni Cowp pommel ¢k banused bhalnobledrad st uil\
concentrate over 10 hrs tinme sinmultaneously at a

002 bHst ant Exampigl rate. Throughout the crystallization

at. 20, to 25C whil e conti nuous
Eﬁﬂégﬁi cati “Oﬁ“‘é(%““égg WHIRESPERHY ed. sanpl es were taken
[ggafj[ef ﬂ\% L\@tﬂﬁi@%«,ﬁm%m@dgﬂate‘ dphe .;190(99(:{{ BBt B&taly izapion. Tt

crystallization progress. After sinul taneous addition
alswaan@ipbahador Sde kg @iiofeiont Zatk walisr Maase phasrgribvalking
a constant charge rate over
avecvele loop with a turbudent flow rate (mean linear veloaity of liy's) and double lee enerpy
device to help disperse the micro-seed and product dusing crvstailization. This example

further demonstrates that it 1s possible to prevent agglomerates from forming withowt

sontcation.
{00214} Milling of micro-seed for Example 11
{02151 The procedure was similar to that of Example 18 except a DYNO®&-Mill Tvpe

KDLA media mill was used with a different product feed stream. The DYNOR-Mill was
charged with 493 mi 1.5 mun vitrium stabilized zircontum oxide beads, and detomized water
was recycled through the mill 1o wet the beads. The excess water was then discarded. A {otal

of 1.0 kg of Compound D was charged to 10 hiters of detonizad water in the 36 liter vessel,
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two hours with sonication at 20 to 25*C. The addition
of extra wafer antisolvent was nade to i ncrease the
wQe@dodygs | owering the solubility for the prodeCt/USHNB063785
charges were made slowy to pronote growh of the
crystals versus nucleatio p. (00207 | After the
dei oni zed water charge, the batch was aged with
sonication at 20 to 25 C for 1 hour to ensure conplete
growth of the crystals. A picture of the crystal
Thig [chrrgg cofrgsposdtd te 1€ ouseinglubien wipts &l ma bﬁ@s@b’pe‘&a@“m” for
thetpﬁzgxag(i?ﬁpﬁ:gp%gz QA%P:@EH%%Bgflg%é\fra%)@&n&ﬁd[d\ﬁa Iy Slltéelr,lng sletap il for 15
mi.:ﬂ@t.r-stah h%ﬁ a %\ L% g{ﬂ(‘ Cﬁfét Tu@nl\l x@g ﬂgéﬂcrxﬁ(ﬁ @l‘gh Qﬂh@»ﬁ}%ﬁ%dla I-m?\ 12

ecyc urne of f was aged
ther@aste@ﬂe&ﬁmﬁpQNﬁE‘zfﬂé Ghty LRast TR Q0e§Sipad o bidi b f\aﬁ‘b OMhe mmmo
and drying of the batch followed. [002081 Post
wapeodessi fogs hows. Ekanple \&is|@@}2@9¢d fRith fheam8 mitandrte yA ngmple
After an over(g ght age_|i Qe essel the batch vxg
of thy plugy @d‘* Hlterphgsht e Hﬁ’e‘? 5( et es “i‘bt‘%P‘“&P‘@Sfo‘* “Pc’@ ‘Fmt 01 g4
,cQne ntr.ation of

UOF S . W t | es
sol {KD Fz ¥ ﬂi} £ iLA m, diving 0 OT ? zgg;?p g‘lj‘fm fu?% W &\ “f“’ij a \dcugfn aven dnd

were

andhBY ﬁ%&ﬂmﬁ@ﬁ@m%ﬁné@@x@ Wils . l@ﬁlh@ﬂ@b*"‘é@? Bk pW&Rles less than 7.8
charged to the crystallr/er via a spray ball in order

amt Ghyasiildhewahbdl oThd dgae aSea wisntTomt/Hby biathgdn ddidiplen.
and wash the product in the filter. A total of 40 kg
[00316lwa h Grypiabizaiio fOrr@Mf@rﬂeHduors was col | ect ed. After

[ﬁﬁ%b ter fa E) Ir"?‘gtﬁ%?‘gﬁg P r{%ﬁ%%}?@?et&{ppg%x{]%zg&gnr @gg@i&;&%ﬁ&s usec
for '&;‘i'iﬁﬂiﬁgqﬁ}&gegg‘ iﬁ%{% n(%(e foe gégfgﬁgegn ogg 8@{@5{& %g‘ge ﬂ&éaﬁﬂ z«mme

Bhe kdth SreRRidRbr LheD kRS Al ek rigdnghofekRaN The QRalB Bnpinge
cake was only 0.5 \vl% A total of 14.5 kg o f dry

at thakeeletvas renoved fromthe tray dryer indicating that a
[ yield of 93.5% was obtai nhed especi aﬁé%/ when e
Eﬁﬁﬁﬁam calFYdddEyrigiwogonsPabeled. KEThE ovePeeD Hrengharged o 220

art,ici > particles .. -
oo b 588 ity T, el v B b Sepon
waPlyi @8 d TRARMMEH 2l BRLd Rl HOYEBLAAROLLL A ORop INEREY rate of 20

results were conpar abl e to the laboratory rmterl al of

kp/mxampb 8adiDwaeqonrg s sl orsge 6 cadrenttifpobathidgoPlod 0@ SSd charge.
[002101 Figure 2 1 can be conpared |o Figure 19. The
Thempstiaiesr wwhcdy ofoluianid B silzaremdooshegharcaHoile redigle line was
i 4\3%(7) Ble(ri‘g }; Ifctxo Qﬁﬁ%’&{m &t 1he lllme 'mc\{ ?Je lilxq:ga\yi\%?lsﬁil}ré %9 {llle %gtciff\ {x 35‘% !n(i)lgzm
In this example, the recvcle line contained a double tee as the energy device along with a
turbulent recvcle Ioop. The vessal was agitated with a at 4 m's tip speed.
{00219} The micro~seed slurry was charged to the recvele loop via a diaphragm pump
and 3/87 seed charge port at a constant rate over 4 mimutes, The charge was made directly
mito the recyele loop to facilitate digpersion of the seed slorry, The batch was cooled by the

seed charge 10 50 10 52°C, the batch was aged at this temperature for 30 nunutes, and then

cooded to 1 to 3°C over 10 hours via controlled linear cooldown. An optical micrograph of
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| aboratory to < 1 Watts per liter yet the performance
was acceptabl e. Thus denonstrating that practical
wo eaoal186768 soni cati on power can be used at al | PE/EEIE7/063785
successfully. [002111 Exanple 11 [00212| Conpound =
bi sphosphonate [002 3 J Tlii s exanple denonstrates
scale up of a cool down batch crystallization. It also
denonstrates that for scale up, aggloneration of the
crystals may be prevented by using a recycle | oop with
theglupny g ekt afghogun Figwe 2L mAadeneiBaled ydiger £ t@ﬂr partigtag)were
tee deV|ce to h di LS erse
moR S Eb Rt A7 S GHULE G T wsoury 6F A FESE PR Thi s
[00@%AND! exfnyn,fa.@@wqeap Bfkhabgp that it is possible to

prevent ag orrer ates from formi ng w thout sonication.

ooR902 14% zMz—Jlrzbm@mem ¥ CA @er 266 8or{10the BXaRbEaghd of 00226
The procedure was simlar to that of Exarrpl e 10 except
oy samgi‘ﬁl\m&l Midred MyapeedBDeAl Nedie) sgthled Wls diset G\gmlhﬂ %: m’) set
ferent product feed stream The
“«ﬂle ﬁapbéakwr P (295 ORI gdniy prepyy ¢ <Uﬁﬁ“§)’ﬂ‘a‘6‘1“1‘ Mhagtpr 120, The e

zirco ed wate

Ol i]\rv,,, Wls é\ldshd,‘[p \\Ht?,g\otﬁfﬁ%(lt%ﬂﬁguﬁﬂ -,.Iair}qtﬂbdtv\té?b %% Iy béStha { L(‘ﬂﬁhﬁé}ﬂ“ of il»y

sol %‘@ﬁ @{anvéa& l&lh&nﬁ1th§%[€ngﬁ)f Mdy Qtlﬁhut@«f atd Bek B1@fion). These
Conmpound D was charged to 10 liters of dei om ed water

wathas tvhe u802ddi 1t esnove gsabksidibl swbbdigersad k pesipardetnt@ion high
3wt % out of solution versus the main batch after B
encaigle Ut tngegiopeptie faa jollls dirws dnurd. oieiapetpvevapatdepolids were

ol S R UL U e
ViSSP EAALGH, NS MBRLAGTL! he Khe liShe g cphe ean

rat

volSRe pehive s tvadto. @ ;1& WE S, of TGkl dids Rk Mﬂ&hfﬁxﬂn dhethe d nfuﬂﬁ:
5 hours. The slurry was discharged fromthe mll into

usigg Ge tlelos Ansanpleanely z¢th hs burfacy mams af 4. 4@ eriedy GF TaiBog@n
urn filter and washed with acetone (le s than about O
ad%mm@w Teteusidtp w)w% arplde o iﬁf by wﬁfgm@ft% @frfe\a@ahapﬁf’e‘md ¢

i m&%*"ﬁ%ﬂiﬁ%&ﬁﬁ% P el LSRG R s

unl?z%d(ih%vﬂ% L gligsulgss than 7.8 urn. The profile was

ul nodal™. The surface area was 1.7 n’g by nltrogen
jegartgor pt |mm)¢&m| 6] Oystallizatioii for Ee i i
j00223} Compound D = bisphosphonate
[00224] This example demonstrates flexibility 1n selection of operating conditions and
cholce of energy device for MMUC on a given product. 1 1s also the third exarople of
production scale operations. This exampie used the same mechanical setup and procedure as
Example 11, but was stressed by shortening the cooldown time from 10 brio 3 hrs, and by
increasing the twnover time from 9 munutes to 18 nunutes. These actions result m more
potential for nucleation and less frequent exposure (o the recycle loop and energy device to
break any agglomerates formed in the crvstallizer into dispersed particles. The faster solids
deposition rate and slower recy cle rate through the energy device were offset by replacing the

double tee with a higher intensity energv device, a Telsonic radial probe 127 long and 27
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[002171 Mechani cal senqr The sane equi pnent setup for

the erystallizer was used as for Exanple 10 above. The
wen@rgye7eevi ce consi sted of a Doubl e Tee" as de@Il/tsmd7/063785

in Figure 5. The lines are made of ID steel pipe with

sharp right angle turns. The streans inpinge at the

outlet [002181 Crystallization: A total of 22 kg of

Compound D was charged to 220 liters of deior /.ed

“water and dissolved at (SO C. The dissol ved sol ution
widerppetgisd 0@ @m ondtaN bowasin adilt Bee droyghicall- af megedioad was

d.th t
als g G o R ol Y B0 G BT Pt B Bha i 1 B5
Eﬁﬁ&ﬁk cr e atS@w?‘s‘*{ﬂ?) (é’{}}?tmr Fd{. Qﬁui %‘ilu\t\ Q;?tlh%e(@‘% \Q]Iﬂﬁ‘i% 9¢ {'0:‘-[1?@;1:‘0( tuct

l'inear”velocity {volunetric ow rate
ands;amt 1ix&ﬁ&itzoﬁf Hak 3143 ke Coepy@lda hirdandesky Meélosﬁféd 1\ azsl Wa
for the mpjority of the line and the turnover tine of
chargvedo atic RO assso! aridmeny elsd alepnd RY 30t Nepe KRBAReR YENE
line contalned a qouble tee as the_energy device al ong
‘Tmﬁgﬁ“éd¥uWUuﬁ@H¥ Péd?%Wé“W@@E‘STHQ Wé§§@P“mh%d£@ﬁPé@éW‘ﬂf
mcro

d: slurry
“} : } s & : p: & ?
25 J Pl (b ede BB BoR Rt WL EE N Bum

jpodfe 3/ 8 &ﬁ%@@\ 8 n@&%np%é pidbeddreRASH-aMlat 513{@\911‘;%\’@{{ Seept that
m nut es. The ctharge was nade directly into the recycle
thel204p of Qobhpaindif} ditehdl apedsd ia theof) thidorsaddyv sl runvicled albived the
hatch was cool ed by the seed charge to 50 to 52C, the
iekb‘éft tokp wers{lary e weer ih*t»:smtﬂelhp‘@glaww?é beigh. “Be: twichutas sonderdiio
n cooled to 1to 3 C ove g? ur s via controlled
“Pﬂfﬁ"rﬁ@a\‘f-" coot UV 5TeRSUIBHEH ”é%l ob for PoPAIRTST t he sl um was

H}{}%gﬁen asg hxﬂé‘}’@m\laéh AU c%%&ﬁnﬁ% Gemnsd 1(;}@19 &4 4 r(rgbr%‘ﬁq%um >

he particles were nonochspersed Wt
andPAET dc6d SFr &URI0a URERRL BRI QK RitGlceathOdhalk 8% Blade directly
[ 00220] Post processing of Exanple 11 [Ctﬁ [
intdHibk tecatie orpaniacidicys digrersddnt e thesoal dawn Thhbattdataivonks by the
aged at | to 3 o ernight then filtered in a precooled
8¢ (1 qm: gxbm@@’a\maaﬁtu Ht. dbp IT“llqbt“eﬁh aggd %}ht&( @Q@mmﬁ(){ug g teg gynd then

o clo 0 Weave .
ol Bt S R B B EU BN Sy
muWytrl?pht BAsY 19}8n\$%c§hﬁcln\é@m%m|ﬁfg acel,pRe: p%k:ﬂ[};‘%&l\é@f;}@@ﬁb particles
{consisting of the solvent chargé, agitation of the
weanhRokserfedrvisanenall phiivie Suan dntdnenil di dutleaddngigsent. The
These washes were utilized to renove the residua
mapptlness pobigaorsedby Blupiodwethed ond éritdraats Exmophd bh The

crystatlization conditions and resulis are shown below:

Example 12 Example 11
Batch Volume 2604 240 L
Agitator Tip speed 4 4
{(my's)
Sead (%) 10 3
Sead charge Lme & :
{min.)
Cooldown Time 3 10
{hr}
Turnover Tume I8 9
{min)
Engrey Device Sonicator (800 W) Pouble Tee
Acetone washed 3 x sharry 3 x slurry
my () 1.6 2061
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enough to |l ead to aggloneration of the solids during
di ving. The acetone washed solids were dried in the

W@ 2002/16676%8 er under full vacuumwi th 25C fl ui d PCT/H82007/063785

filter jacket and packaged. M crographs indicated that
there was no aggl oneration of the cake, and the dry
cake nean volune particle size was 20.6 mm 95% of the
particles were I ess than 4 mm by vol une using the
Hel os dnyw,pagky cl e anal yzera gThe surfacegagea was 0. 40
rnVvVg byqBEL: QihT 0gen [adsSoiigken TheSe T esits ar e
conpar Qfgﬂto the Sab scal e experirmnts of Exanple SB
and C. f) 1%::%1..%” contrast ’1,9 the esut [S}\{QT Exa le A
wher e inSutfrerent—particle di-spersion-was utitized
[00d28}i ng tihe poxys bghichiatdoms pt@B2 Béhebxaliip B ePsddisipo0 228 Hi
Conpound | > - bi sphosphonat e (002241 exanpl e
\pa'eqabwsw@t 8. G 7@%4 By | zfeﬂ;mrﬁl bRt hreh o heppherarornegated by
.condi.ti ons and choice of energy device for MMC o n a
relYPRAEM 5T SR it is also the third exanpl e of
production scal e operations. This exanple used the
same nmechani cal setup and procedure as Exanple J J but
was stressed by shortening the cool down tinme from 10
hr to 3 hrs and by increasing the turnover time from?9
mnutes to 1 mnutes. These actions result in nore
potential for nucieation and | ess frequent exposure |o
the recycle | oop and energy device to break any
aggl onerates forned in the cxvstallizer into dispersed
particles. He faster solids deposition rate and
sl ower recycle rate through the energy device were
of fset by replacing the double tee with a higher
intensity energy device, a Telsonic radial probe 12 '
| ong and 2w de operated at an output of 800 W power in
a l L How through cell. The seed | oad aJso increased
to 10m % to obtain a significantly smaller product
than Exanple i 1. [00225] Seed generation. The
procedure foll owed that of Exanple 11 for the product
admll preparation. Here 3.48 kg of Conpound D pure
and 33 kg deioni zed water was charge to the to 30 L
vessel and recycl ed around DYNOS-M || Type KDLA at
0.45-0 9 L/mn Row rate for 16 hours The resultant
pani cl e size of the product was a nmean vol ume of 2 mm
and 95% of the particles |less than 6.4 urn. The
surface area was 2.0 n*7g.




b2

13,

[00226] Batch Crystallization: The procedure matched
that of Exanple 11 except that the 22 kg of Conpound D
wale@soberesl in water in the 100 gall on tank wasPeCEHUSmOEE3785
around the recycle loop at a flowrate near !5 kg/m t
t hroughout the batch. The batch was cooled to
approximately 53 -54 C to create supersaturalion for
the seed charge [00227 j The m cro-seed skim was
charged to the recycle |oop via a di aphragm punp and
Wigt8'clgwed: charge port at a constant rate over m nutes.
The charge was made directly into the recycle loop to
A W%r@ﬂ ot %z@ ardrdipersry Ha'é‘f’e pHEclesdgn §T&§PW‘C“ “Fr?@""ﬁ%‘t“éh

L()IBDI {\H‘T ‘ﬁé&gg%‘a”ﬁf“‘t‘ W03 Cfx S ﬁlp[g‘/fi[éfn djr(gwfﬁ ?‘h‘a’& nnfﬁ. m{géo«s%ﬁ ds
verfeRRR ‘(Qolq{;QQZEEIQO %ﬁ)@é@%mql Neah PRHCRYEE oBatdQHS ?w"ﬂb@ut 20 um
controlled I'i néar cool down. A optical m crograph of
and Wiger&h tHerrysuag chaleBime @seicids Frivg Wneead BartiBle gite Bs@Ban 100 am,
denonstrates that the particles were nonodi spersed
Thewprotespoistiaii 1. paeeinghegedupricd wrcd tterieluliod critlisalradnles
esent. The material was post processed by ill
kgt“{‘5"@.‘&ﬁ’%’r‘lmvvashed and dried as in Exanple 11. The
[ |t MLt (3 5 1
Thng[é%g’gss H)%égxéj g%lﬁr(eé&ggée xgigﬁ rk?féag)gﬂ}e Cng&u}o ﬁgdcxl“ ﬁ;ﬁégg‘;\é%pl {fbs to 20
gmpenefit of U S Provisional Patent Application Serial
No. 60/782J 6') filed March 14, 2006. which is herein
Thi poanpol dtimd | bjeeafibr epoeisr of tl& nantorseaf v Whabxiimstely 1 to 10 um
_clainmed: 1 A process for_ the pr oduqti on of en stall e
Thypeeqse pledaip !, aforgingensiicatiap plla el sglpoustia B hpr sagioghon is
seed o a crystallization proc ss

""”ngijlém}ﬁ? ‘F%gelrﬁ“i ‘é%p ¥&H s generated i>> a wet milling
Hup z@s&@?éﬁ ane 41@?@@::}%@&@(9@&2?&%4% Y& QUL 5 F&-@tnﬁ“}%mds.

urn and Lvherem t resul tlng crysta I ne

T h@@ﬁ «db@biﬁﬂdjﬁh. MSharelRaRRAE hIChe] @lahec bRESark RARE00a MM
2. The process of claim11. wherein the nean particle

chrginfupn-pfiedirnd apé serimpicigadsaysetad«bd. ne particles is | ess
than 60 nm 3. The process of claiml, here n the nean

Theproessppl dHB ImPBpErdBeefeiuc %‘;S‘pf bWﬁ’Pé‘F%*“")" RYABBACEUISE- o 4

Hhh]in%u.gr 8&?2&} tp W h u‘% :PS Yk {:Y%? %m% 1{11% \‘Fl iypx‘%gn ﬁ].i:ﬁgm%) LQY]E&SNI} 08 of
an&fes&& %ﬁmﬁmﬁaﬁw §g£@n@, &ﬁ%éih@ﬁﬁc@ Mgkt B 2ded- mn!nkan@s
nmedia mll or sonieatton
antibiotics, anticoagulants, am;dgpremams, anbidiabetic agents, antiepileptics, antihistamines,
antihypertensive agents, antimuscarinic agents, antimycobacterial agents, antineoplastic
agents, imnumosuppressants, antithyroid agents, antiviral agents, anxiolyviics, sedatives,
astringents, beta-adrenergic receptor blocking drugs, contrast media, corticosteroids, cough
suppressants, diagnostic agents, diagnostic imaging agents, dopanunergics, baemostatics,
immuriclogical agents, lipid regulating agents, muscle relaxants, parasvmpathomuimetics,
parathvrowd calcitonin, prostaglandins, radie-pharmaceuticals, sex hormones, anti-allergic
agenls, stimulanig, sympathomimetics, thyroid agents, vasodilators and xanthines,

A pharmaceutical composition comprisiug the crystalline paricles produced i the process of

claim | and a pharmaceutically acceptable carrier,



16,

17.

18.

19

20

ut h/ed during the wet mlling process 6 The process
of claimb5. wherein the nmedia mll or ball nedia
walkiinese®. 5 to 4 nm beads ? . The process of BCHUR0MDT/063785
herein a ceramic mil and ceram c beads are utih/.ed
or a chromumlined mll and ceram c beads are
utilized . The process of claimi . here n the organic
acth e conpound is a pharnmaceutical The process of
claim. whetein the pharmaceutical is selected from
The precggs olupivoinsihskeionye of sigdhaidtige siccsss amprses thamvihargysteps:
~.agents anthelm ntics, anti-amhx mes. anti -asthmatics
(D SMTBirepiskeEy chHrindgagatdnt s, a tidepressants
o3 it B PR EiTe agents,
(3)@bhbi4E AAGEKIPA « RIENS b ARPA BPLEL agents,
i mmunoSuppressants antithyrold agents antiviral agents
Thagst @l yldlas 9edatrhiashe astdingenpdcesbetrprady @nergiath, a semi-
receptor bl ocking drugs contrast nedia,
congigraLs 08 EEiBhels peraghesopipneyisant s di agnostic agents,
.. diagnostic imagj ng agents dopani, ergi cs haenostati cs,
Ih(? P }1E1a¥|25 \%b{é‘%ng%q}fﬁ}ie&oq,péﬁWig{:{! ﬂ'@f‘“ﬁg‘h‘f@sv PR process.
The @5@%95‘# Sai ™ aj\\ﬂgg% 'ﬁ?et JofiBnt LQL .toP ¥k %}xqtaﬁg’&%&nﬂg&le& COMprises
pr ost ag S,” sex hornones

andins, ra |oﬁharnaceu ical

pridfii 2AkRb G ©1AGERESH Skt SraSSsoN-RAHRAM J¥RlnkiC&E solvent
thyroi d agents, vasodilators and xanthi es 1

strqalvar maceut i cal conposition conprising the ClLstalline
__particles produced in the process of claiml and a
Thyyprapsrnedaiinddl pierais coppappeats spgigy depice is jgehipwadly of
~.claimil. wherein the crystallization process conprises
*Wﬁﬂ@é@@ﬁ&&ﬁf%g steps: ( 1) generating a slumof the
’I‘h(%‘?)o:% Qs 5688m 162kngen %ﬁg[);?%y®é%% Wb QRS istzzr}x%x.ﬁﬁﬁ%yé?%nix.ing

e crystalllzed; I Al ng the product o
etbSE ePstftil)minada tdheapr aduestoofinstiRmop@)izer 12. The process
of claim 1L wherein the crystallization process
Theprprst sedausidnghacibh dechppiamedaticoo R dnusus vidizedat the end of the
conti nuous processing configuration. 13. The process
cryGAEAUON RIOPSSS: wherein a recycle loop is utilized during

Thd ;@:‘%c&.%%tséls%xlnl 52 \Q«‘Mrgﬁ \‘}%rs%ﬁ;géx%%}"1‘[;%1%11?@{ Egupcrzg SEoR iLQ];]. Wt%‘l:«&{ mop.
11, erem the solvent 'system of >t he crystallizati on

ThPFPEES S G SRRk BRI Y@ AGUROUSHS SbMEMes SddiRAM
primarily an organic solvent streamor a m xed sol vent

micro~-seed, a balch solution, a reagent solution, or an antisolvent irdo a vecvele loop or a

region of high mixing intensity.

The process of claim 11, wheremn the ervstallization process further comprises adding one or

more supplenental additives.

The process of claim 11, wherein the starry of the micro-seed and the solution of the product

are rapidly micro-mixed when they are combined.

The process of claim 1, wherain the crvstatlization process comyprises the following steps:

{1} generating a shurty of the micro seed using media milling;

(2} dissolving a portion of the nucro-seed; and

(3) crvstallizing the orgamc active compound on the mucro-seed.



stream 15. The process of claim1l, wherein a
suppl enental energy device is utilized during the
wa@eoostied7bs zat i on process. 16. The process of cPEi/ms67/063785
wherei n the suppl emental energy device is a mXxing
tee. a mxing el bow a static m xer a sonicator, or
rotor siator honpbgenker. 17. The process of claim 15,
wherem t he suppl enental energy device is utilized at
the end of the crystallization process. 18 The process
23. Th@tn ocdsapinalds. 1. whereithe ehétguppliehenialclener gyrvdeline &ringhat
aced in a recycle loop, 19. The process of claim
“mﬁﬁmﬁ@¥%ﬂheﬁ%@f%ﬂV§W&Pﬁﬁ%ht|on process further
conprises adding the mcro-seed a batch solution, a
reagent solution or an antisolvent into a recycle | oop
or a region of high mxing intensity. 20 The process
of claim1l. wherein the crystallization process
further conprises addi ng one or nore suppl enental
additives. 2 1. The process of claim1l, wherein the
slurry of the mcro-seed and the solution of the
product are rapidly mcro-m xed when they are
conmbi ned. 22. The process of claimL wherein the
crystallization process conprises the follow ng steps:
( 1) generating a slurry of the mcro seed using nedi a
mlling: (2) dissolving a portion of the mcro-seed:
and (3) crystallizing the organic active conpound on
the mcro-seed.3 . The process of claim1. wherein the
resulting crystalline particle have a crystalline form
that corresponds to the formof the mcro-seed.



